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(54) Title: ARTIFICIAL VERTEBRA 
(54)Bezeichnung: WIRBELPROTHESE 
(57) Abstract 

Described is an artificial vertebra designed to be implanted in 
place of one or more damaged vertebrae, the artifical vertebra having 
two bracket plates designed to rest against the ends of the neighbour- 
ing stable vertebrae. The bracket plates have spikes for anchoring 
them in these neighbouring vertebrae and are connected to each other 
by a brace whose length can be adjusted. The brace (9) is disposed out 
of the longitudinal axis of the artificial vertebra (1), as defined by the 
line joining the mid-points of the two bracket plates (4). The brace (9) 
has two flat bars (7, 8) with, on the two facing sides, rows of teeth (14) 
which engage with each other, the bars (7, 8) being joined to each 
other by a bolt (17). An empty space is left between the bracket plates 
(4) to hold an implant (32) made of natural and/or synthetic material. 
Also described is a device for handling the artificial vertebra, in parti- 
cular for inserting it. 

(57) Zusammenfassung 

Gezeigt wird eine Wirbelprothese zum Einsetzen anstelle eines oder mehrerer zerstdrter WirbelkSrper mit zwei Stutzplatten 
zur Anlage an den Stirnflachen benachbarter stabiler Wirbelkdrper, wobei die Stutzplatten Dome zur Verankerung in diesen be- 
nachbarten Wirbelkorpern aufweisen und durch einen in der Lange verstellbaren Abstandhalter verbunden sind, wobei der Ab- 
standhalter (9) au&ermittig bezuglich der durch die Mittelpunkte der Stutzplatten (4) definierten Langsachse der Wirbelprothese 
(1) angeordnet ist und zwei Schienen (7, 8) mit an den einander zugewandten Seiten ineinander eingreifenden ZShnen (14) auf- 
weist, wobei die Schienen (7, 8) mittels einer Schraube (17) miteinander verbunden sind und zwischen den Stutzplatten (4) ein 
freier Aufnahmeraum zur Aufnahme eines Implantats (32) aus naturlichem und/oder kttnstlichem Material belassen ist. Weiters 
wird eine Vorrichtung zur Handhabung dieser Wirbelprothese, insbesondere zum Einsetzen derselben, gezeigt. 
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Wirbelprothese 

Die vorliegende Erfindung betrif ft eine Wirbelprothese 
zum Einsetzen anstelle eines oder mehrerer zerstorter Wirbelkor- 
per, mit zwei Stutzplatten zur Anlage an den Stirnflachen benach- 
barter stabiler Wirbelk6rper , wobei die Stutzplatten Veran- 
kerungsmittel zur Verankerung in diesen Wirbelkorpern aufweisen 
und durch mindestens einen in der Lange verstellbaren Abstand- 
halter verbunden sind. 

Welters bezieht sich die Erfindung auf eine Vorrichtung 
zur Handhabung dieser Wirbelprothese. 

Wenn ein oder mehrere kranke oder zerstorte Wirbelkorper 
aus der Wirbelsaule entfernt werden mlissen, sei es, daB die Wir- 
belkorper von Metastasen befallen sind, sei es wegen epiduraler 
Wirbelkanalmetastasen oder wegen f unktioneller Instabilitat der 
Wirbelsaule, war es bisher erf orderlich, die kranken oder zer- 
storten Wirbelkorper zur Ganze aus der Wirbelsaule zu entfernen 
und eine Prothese zwischen den verbleibenden gesunden Wirbelkor- 
pern der Wirbelsaule einzusetzen. 

Zur Langenanpassung wurden bei spiels weise Wirbelprothe- 
sen, bzw. Telle der Wirbelprothesen, mit verschiedenen festen 
Langenabmessungen benutzt, wobei die Anpassung an den zu uber- 
bruckenden Abstand wahrend der Operation durch Abmessen der Llifcke 
zwischen den verbliebenen gesunden Wirbelkorpern und Auswahl der 
geeigneten Prothese bzw, eines geeigneten Zwischenteils, mit Zu- 
sammenbau der Prothese wahrend der Operation, erfolgt. Eine mehr- 
teilige Prothese mit verschieden langen Zwischenstucken ist bei- 
spielsweise in der US-PS 4 599 086 beschrieben. Ein Nachteil die- 
ser bekannten Prothese liegt in ihrem komplizierten Aufbau aus 
vielen Teilen und der umstandlichen Manipulation beim Einsetzen. 
Die EP-PS 0 179 695 und die DE-OS 2 365 873 beschreiben Shnliche 
Wirbelprothesen mit fester Lange. 

Andererseits kann die Wirbelprothese wahrend der Opera- 
tion individuell gefertigt werden, wie im Falle des in der DD-PS 
235 416 beschriebenen alloplastischen WirbelkSrper ersatzes. Nach- 
teilig daran ist jedoch, daB dieser Wirbelk6rperersatz nur mit 
einer Schraube und einem Drahtstif t in den angrenzenden gesunden 
Wirbelkorpern verankert ist. Der in der EP-A 0 268 115 gezeigte, 
ebenfalls wahrend der Operation individuell gefertigte zylinder- 
f5rmige Blechmantel mit Durchbrechungen in der Mantelwand, der 
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mit Knochenstiicken und/oder Knochenzement gefullt wird, hat den 
Nachteil, daB der Knochenzement: bei der Aushartung lokal Tempera- 
turen erreicht, die zu Nekrosen des umliegenden Gewebes fiihren 
konnen. 

Daruberhinaus sind auch Wirbelprothesen bekannt, die in 
ihrer Lange durch verschiedene Mittel verstellbar sind* In ihrer 
Lange verstellbare Wirbelprothesen sind in der US-PS 4 657 550, 
US-PS 4 553 273 und DE-OS 37 29 600 beschrieben. Dabei handelt es 
sich immer um Anordnungen, in denen der Abstand zwischen zwei 
Stiitzkorpern mittels eines mittigen Spindeltriebes verstellbar 
ist. Die in der US-PS 4 553 273 beschriebenen blockf ormigen 
Stiitzkorper, an denen sich der Spindeltrieb abstutzt, sind in in 
den jeweils angrenzenden Wirbelkorpern zu schaf f enden, vorzugs- 
we ise polygonalen Ausnehmungen versenkt. Ein Nachteil hievon ist 
daher auch, daB die Ausnehmungen wahrend der Operation geschaffen 
werden mussen, was ein zeitraubendes und kompliziertes Verfahren 
notig macht. Die Ausnehmungen miissen genau nach den MaBen der 
Stiitzkorper in die angrenzenden Wirbelkorper geschnitten werden, 
da ansonsten keine sichere Befestigung gegeben ist. Die in der 
DE-OS 37 29 600 beschriebenen winkelf ormigen Stiitzkorper werden 
ohne Befestigung an den Stirnflachen der Wirbelkorper mit diesen 
nur seitlich durch Knochenschrauben verschraubt, Eine andere 
Moglichkeit der Befestigung der Stiitzkorper ist in der US-PS 
4 657 550 beschrieben, namlich die Verankerung durch Dorne in den 
angrenzenden Wirbelkorpern. Allen diesen Ausbildungen gemeinsam 
ist jedoch der Nachteil, daB bei Vorsehen eines mittigen langen- 
verstellbaren Abstandhalters kein Implantat verwendet werden 
kann. 

Weiters beschreibt die DE-A1 30 23 942 ein Distanzstuck 
fur den prothetischen Wirbelkorperersatz und ein Werkzeug zum 
Einsetzen desselben. Auch hier kann kein Implantat verwendet 
werden und das Werkzeug besteht aus einer zangenartigen Vorrich- 
tung mit speziell ausgebildeten Zangenschenkel und einer Rast- 
einrichtung zum Festhalten seiner Spreizstellung, 

Eine Auf gabe der vorliegenden Erf indung ist es nun, eine 
der Lange nach leicht verstellbare Wirbelprothese zu schaffen, 
die die Nachteile der oben genannten bekannten Wirbelprothesen 
nicht aufweist, sondern mittig ein Implantat aufnehmen und gege- 
benenfalls fixieren kann, und durch welche auch nur Telle von 
zerstorten Wirbelkorpern ersetzt werden konnen, d.h. daB nicht 
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immer der ganze Wirbelkorper entfernt werden muB, auch wenn er 
nur teilweise stark beschSdigt ist. Daher sind, wenn hier von 
"benachbarten Wirbelkerpern" die Rede ist, damit auch die ver- 
bliebenen stabilen Teile von teilweise entfernten WirbelkSrpern 
gemeint. Weiters sind unter "stabile Wirbelk6rper(teilen) " solche 
Wirbelkorper bzw. Wirbelkorperteile zu verstehen, die nach An- 
sicht des Chirurgen dazu imstande sind, der eingesetzten Prothese 
ausreichenden Halt zu gewahren. 

Diese Aufgabe wird erf indungsgemaB dadurch gelost, daB 
der Abstandhalter auBermittig bezUglich der durch die Mittelpunk- 
te der Stutzplatten definierten Langsachse der Wirbelprothese 
angeordnet ist, wobei zwischen den Stutzplatten ein freier Auf- 
nahmeraum zur Aufnahnte eines Implantats aus natiirlichem und/oder 
kttnstlichem Material belassen ist. Die auBermittige Anordnung des 
Abstandhalters ermoglicht es, bei einer stabilen, auf verschie- 
dene Langen einstellbaren Prothese ein Implantat einzufiigen. Die 
Prothesenkonstruktion kann dadurch erheblich entlastet werden, da 
das Implantat auch einen betrachtlichen Teil des auf der Wirbel- 
saule lastenden Druckes aufnehmen kann. Selbstver standi ich kann 
jedes geeignete kiinstliche Ersatzstiick das Implantat bilden. Be- 
vorzugt wird aber ein naturliches, am Besten aus korpereigenen 
Knochen entnommenes Knochenimplantat oder ein aus Knochenteilen 
und Knochenzement hergestelltes . Jedenfalls kann dann mit der ■ 
vorliegenden Erfindung die Menge des in den KSrper des Patienten 
einzusetzenden gewebsf remden Materials auf ein Minimum beschrankt 
werden . 

Gunstig ist, wenn die Verankerungsmittel Dorne sind. 
Diese dringen dann nach dem Einsetzen der Wirbelprothese und 
Aufheben der bei der Operation notigen Streckung der Wirbelsaule 
des Patienten von selbst in die benachbarten Wirbelkorper ein. 

Die bevorzugte Anwendung einer Sttitzplatte mit mindestens 
einer Durchbrechung ermOglicht bei Verwendung eines Knochenim- 
plantats das naturliche Zusammenwachsen von Knochenmaterial in- 
nerhalb der Wirbelsaule durch die Stutzplatten hindurch. Sind 
mehrere solcher Durchbrechungen vorhanden, ergibt sich ein beson- 
ders gefestigter Halt der Prothese nach dem Verwachsen. Zusatz- 
lich sichert dies auch die MOglichkeit der nur teilweisen Entfer- 
nung von WirbelkSrpern und die sichere Verbindung mit den ver- 
bleibenden stabilen Wirbelkorperteilen. 
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Dabei 1st: es welters gunsi:ig, wenn die Durchbrechungen 
kreisrund ausgebildet sind, da dadurch die Herstellung derselben 
erleichtert wird. 

GemaB einer bevorzugten Ausfiihrungsform der Erfindung 1st 
vorgesehen, daB in ungefahrer Fortsetzung des auBermittigen 
Abstandhalters AnschluBstiicke, die mindestens eine Durchbrechung 
fur eine in den angrenzenden Wirbelkorper seitlich eindringende 
Knochenschraube aufweisen, mit den Stiitzplatten verbunden sind. 
Die Knochenschraube kann dabei so lang gewahlt werden, daB sie 
bis in den Wirbelbogen des betreffenden Wirbelkorpers reicht. 
Dadurch ist zusatzlich zu den in den stabilen Wirbelkorper ein- 
dringenden Dornen eine sichere Fixierung gegeben. Es wird auch 
noch ieicht ermoglicht, einen kranken oder zerstorten Wirbelkor- 
per nur teilweise zu entfernen. Bei Verwendung einer langen Kno- 
chenschraube mussen die zur Verankerung in den angrenzenden Wir- 
belkorpern vorgesehenen Dome selbstverstandlich derart ange- 
ordnet sein, daB die Knochenschraube zwischen diesen hindurch- 
geschraubt werden kann. DaB diese AnschluBstiicke in ungefahrer 
Fortsetzung des Abstandhalters liegen ermoglicht es auch die Wun- 
de so gering wie moglich zu halten, well dann der Zugang zu den 
Schrauben der AnschluBstiicke und zum Verstellmechanismus des Ab- 
standhalters von der gleichen Seite her und nur etwas hohenver- 
setzt erfolgt. 

Die Verwendung von AnschluBstiicken bei der Konstruktion 
von Wirbelprothesen ist an sich bekannt. So sind in der US-PS 
4 599 086, in der DE-OS 23 65 873 und in der EP 179 695 AnschluB- 
stiicke bei Wirbelprothesen mit fester Lange beschrieben, wahrend 
geraaB der DE-OS 37 29 600 AnschluBstiicke durch winkelf ormige 
Stiitzkorper vorgesehen sind, die ihrerseits durch einen mittigen 
ISngenverstellbaren Abstandhalter verbunden sind. Die in der DE- 
OS 23 65 873 beschriebenen AnschluBstiicke sind entlang eines 
GroBteils des Umfangs der Stiitzplatte angeordnet, wodurch es in- 
folge von mehreren in den Wirbelkorper eindringenden Knochen- 
schrauben zu Spannungen, Ausbruchen und Absplitterungen im Kno- 
chen kommen kann. Auch muB eine groBe Wundoffnung geschaf fen wer- 
den, urn die AnschluBstiicke rund urn den Wirbelkorper zu verschrau- 
ben. In der DE-OS 37 29 600 ist andererseits nur ein AnschluB- 
stiick an den Wirbelkorper in Form des senkrechten Teils eines 
winkelf ormigen Stutzkorpers mit einer Durchbrechung fiir eine 
Knochenschraube beschrieben. Bei einer Ausfuhrung dieser Art ist 
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eine zuverlSssige Verbindung car Wirbelkarper im Hinblick auf 
DrehkrSfte jedoch nicht gegel n r da die StirnflSche des Wirbel- 
kSrpers mit dem waagrechten ' .1 des winkelfSrmigen Stutzk6rpers 
nicht auch direkt verbunden ist. 

GUnstig ist, wenn die AnschluBstiicke gegenuber dem Ab- 
standhalter nach auSen versetzt und mit den Stutzplatten tiber 
Verbindungsabschnitte verbunden sind. Dadurch ist eine sichere 
Aufnahme des angrenzenden Wirbelkorpers gegeben und der auSer- 
mittige Abstandhalter ruckt damit etwas unter die Stirnflache des 
angrenzenden Ruckenwirbels, was aus statischen Grunden wunschens- 
wert ist. Nichtsdestoweniger verbleibt gemigend Platz fur ein 
etwaiges Implantat * 

Nach einer anderen Ausfuhrungsform der Erfindung sind die 
Anschluss tiicke, die mindestens eine Durchbrechung fur eine in den 
angrenzenden Wirbelkorper seitlich eindringende Knochenschraube 
aufweisen, auf der dem Abstandhalter gegenuberliegenden Seite der 
Stutzplatten mit den Stutzplatten verbunden. Der Aufnahmeraum fur 
das Implantat ist dadurch auch bei eingesetzter Prothese fur den 
Chirurgen von derselben Seite fur etwaige Korrekturen zuganglich 
wie die Verschraubung mit den benachbarten Wirbelkorpern. Eine 
Langsverstellung muB dann allerdings mit dem Einsetzen vorgenom- 
men und fixiert werden, oder der Zutritt zu dieser muB uber eine 
Bohrung durch das Implantat erfolgen, will man die Wunde weiter 
klein halten. 

In einer weiteren bevorzugten Ausfuhrungsform ist vorge- 
sehen, daB die AnschluBstucke je zwei auBermittig angeordnete 
Durchbrechungen fur zwei in den angrenzenden Wirbelkorper seit- 
lich eindringende Knochenschrauben aufweisen. Bei dieser Ausfuh- 
rungsform konnen nOtigenfalls dem Eindringen der Knochenschrauben 
in den Wirbelkorper hinderliche Dome im Randbereich der Stutz- 
platte weggelassen werden. 

Vorzugsweise sind an den Stutzplatten in den Aufnahmeraum 
gerichtete Dorne zur Verankerung des Implantats vorgesehen. Da- 
durch kann weitestgehend auf die Verwendung von Knochenzement 
(Palacos) zur Fixierung, zur Ummantelung und zum Ausftillen von 
Zwischenraumen verzichtet werden. Beim Ausharten von Knochenze- 
ment treten bekanntlich Tempera turen bis zu 95° C auf, was zur 
Verbrennung der umliegenden Gewebestrukturen fuhrt. Die erf in- 
dungsgemSB vorgesehenen Dornen sichern dagegen eine dauerhafte 
Fixierung des Implantats, insbesondere eines Knochenimplantats, 
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ohne Verwendung von Knochenzement. 

Bei der obigen Ausf uhrungsf orm ist es gunstig, wenn die 
Dorne in Fortsetzung der zur Verankerung an den benachbarten 
stabilen WirbelkSrpern vorgesehenen Doriie angeordnet sein. Die 
Herstellung der Wirbelprothese wird dadurch erheblich verein- 
facht, da die Dome in Form von Doppelkegel in hiefiir in den 
Stiitzplatten vorgesehene Bohrungen eingepreSt werden konnen. 

Dabei ist es von Vorteil, wenn die Dorne radial auSerhalb 
von Durchbrechungen der Stiitzplatten angeordnet sind . Die Dorne 
erstrecken sich vorzugsweise in einem Stuck ober- und unterhalb 
der jeweiligen Stutzplatte und sind symmetrisch, beispielsweise 
an den Eckpunkten eines gedachten Sechsecks, angeordnet. Die 
Durchbrechungen (die an sich aus der DE-OS 37 29 600 bekannt 
sind) liegen dann innerhalb der Seitenkanten des Sechsecks . Diese 
Durchbrechungen, etwa in Form von Bohrungen oder Schlitzen, er- 
moglichen ein Zusammenwachsen der angrenzenden Wirbelkorper mit 
der Wirbelprothese und dem durch die Dome fest verankerten Im- 
plantat r wogegen die in der DE-OS 37 29 600 beschriebenen Durch- 
brechungen nur ein Einwachsen der Knochensubstanz des Wirbel- 
korpers in die Prothese ermoglichen, da diese Prothese keine Mog- 
lichkeit zur Aufnahme eines Implantats, insbesondere eines Kno- 
chenimplantats , auf weist . 

Vorzugsweise weisen die kegeligen Dome eine Lange von 3 
bis 50 mm auf* Da die Wirbelprothese bei Patienten aller Alters- 
stufen und in alien Bereichen der Wirbelsaule verwendet werden 
kann, ist es vorteilhaft, die GroBe der Wirbelprothese und damit 
auch der Dome 1ft r diesen unterschiedlichen Anwendungszwecken 
angepaBten, einigen verschiedenen Dimensionen vorzusehen. Bei 
Kleinkindern wird entsprechend der GroBe der angrenzenden Wirbel- 
korper und des einzusetzenden Implantats demgemaB eine kleinere 
Abmessung der Wirbelprothese und der Dorne gewahlt werden als bei 
Erwachsenen. Auch wird beispielsweise bei Ersatz eines Halswir- 
bels eine andere Dimension der Wirbelprothese gewahlt werden als 
bei Ersatz eines Lendenwirbels . Die Dorne sind zweckmaBigerweise 
mindestens so lang, daB sie die etwa 3 mm dicke, den Wirbelkorper 
stirnseitig abschlieBende harte Schicht durchdringen konnen. Die 
Lange der Dome ist praktisch unbeschrankt, sie konnen den an- 
grenzenden gesunden Wirbelkorper auch zur Ganze durchdringen und 
sogar bis in den nachsten Wirbelkorper dringen. Dies fuhrt dann 
allerdings zu einer eingeschrankten Beweglichkeit der Wirbel- 
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sMule. Die Lange der Dome sollte daher, falls nicht aus irgend- 
welchen Grtinden anders beabsichtigt , die HGhe des angrenzenden 
WirbelkQrpers nicht iibersteigen. 

Wenn die Stiitzplatten kreisfbrmig ausgebildet sind, wird 
deren Herstellung durch Drehen wesentlich vereinfacht. Eine 
sechseckige Form ist ebenfalls stabil und leicht herstellbar . 

Nach einer gunstigen Ausfiihrungsform ist der auBermittige 
Abstandhalter ratschenartig langenverstellbar . Meist ist vor der 
Operation nicht bekamvt, welche genaue Lange der Wirbelprothese 
benotigt wird, Durch einen ratschenartigen Verstellmechanismus 
des Abstandhalters ist eine schnelle und genaue Anpassung der 
Wirbelprothese an den zu uberbruckenden Abstand zwischen den bei- 
den verbliebenen gesunden Wirbelkttrpern gewahrleistet • Der Aus- 
druck "ratschenartig" wie hier verwendet bedeutet, daB der Ab- 
standhalter der Wirbelprothese in eine Richtung, vorzugsweise 
zusammenschiebend, verstellbar ist, wahrend eine Bewegung in die 
Gegenrichtung durch Sperreinrichtungen blockiert ist, wodurch 
eine Nach j ustierung der Lange im eingesetzten Zustand nach Auf- 
hebung der Streckung der Wirbelsaule des Patienten im Sinne einer 
Verklirzung der Prothese mehr oder weniger automatisch erfolgen 
kann. 

Der Vorgang bei der Operation mit Anpassung der Prothese 
lauft etwa wie folgt ab: Anhand von Daten aus vorhergehenden 
Untersuchungen, Rontgenbildern und Erf ahrungswerten wahlt der 
Chirurg die passende Dimension der Prothese aus. Die Wirbelsaule 
des Patienten wird gestreckt und der (die) zerstorte(n) Wirbel- 
korper(teile) wird (werden) entfernt. Die Lange und die Form des 
zwischen die Stutzplatten der Prothese einzusetzenden Implantats 
wird bestimmt und das vorgesehene bzw. entnommene Implantat wird 
auf die benStigte Dimension gebracht. Das Implantat wird auBer- 
halb des KOrpers des Patienten in den Aufnahmeraum der weit ge- 
Gf fneten Prothese eingesetzt und die Prothese wird manuell zusam- 
mengeschoben, wobei die an der Innenseite der Stutzplatten ange- 
ordneren Dornen bereits in das Implantat eindringen und dieses 
fixieren. Darauf wird die Prothese zwischen den verbliebenen 
angrenzenden gesunden Wirbelkorpern eingesetzt und die Streckung 
der Wirbelsaule des Patienten aufgehoben. Da es dabei zu eixiam 
erheblichen Druck auf die Wirbelk6rper kommt, dringen die Dome 
an der Innenseite der Stutzplatten weiter in das Implantat ein 
und der Abstandhalter schiebt sich weiter zusammen bzw, bei einer 
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Ratsche rastet er "Zahn fur Zahn" zusammen. Gleichzeitig dringen 
die an der AuBenseite der Stutzplatten vorgesehenen Dome in die 
StirnflSchen der angrenzenden Wirbelkorper ein. Wenn die Stiitz- 
plat-ten an den Stirnflachen der angrenzenden Wirbelkorper und des 
Implantats anliegen, werden gegebenenf alls Knochenschrauben zur 
zusatzlichen Sicherung durch die Durchbrechungen der AnschluB- 
stiicke geschraubt. 

GemaB einer bevorzugten Ausf uhrungsform ist der auBer- 
mittige Abstandhalter ( ratschenartig ausgebildet oder nicht) 
durch zwei miteinander losbar verbundene Schienen gebildet, die 
je mit einer Stiitzplatte fest verbunden sind. Dies erscheint als 
die einfachs-te und sicherste Konstruk-tion. 

Dabei ist es waiters vorteilhaft, wenn zumindest eine der 
Schienen eine Fuhrung fiir die Langsverschiebung der anderen 
Schiene aufweist. Ein Verkanten der beiden Schienen bei der 
Langsverschiebung wird dadurch verhindert. 

Gunstig ist es, wenn die Fuhrung im den Stlitzplatten ge- 
genuberliegenden Endbereich der Schienen vorgesehen ist. Diese 
Anordnung sichert auch bei maximaler Of f nung eine sichere Fuhrung 
der beiden Schienen* 

Welters ist vorteilhaft, wenn die Fuhrung durch einen die 
andere Schiene uberspannenden Bligel gebildet ist. Dieser Biigel 
stellt selbst bei lockerer Verbindung der beiden Schienen eine 
MaBnahme zum praktisch unverlierbaren Festhalten der anderen 
Schiene dar. 

GemaB einer bevorzugten Ausfiihrungsform ist die Fuhrung 
dadurch gebildet, daS die eine Schiene mit den Langsrandern 
wenigstens auf einem Teil ihrer Lange f lanschartig umgebogen Oder 
abgewinkelt ist. Eine derartige Fuhrung stellt sicher, daB die 
beiden Schienen bei lockerer Verbindung exakt in einer Linie 
gefuhrt sind. 

Auch ist es gunstig, wenn die Schienen des Abstandhalters 
in einem Schnitt quer zur Langsachse der Wirbelprothese in Bezug 
auf diese Achse konvex gekrummt sind. Durch eine derartige als 
besonders vorteilhaft angesehene Form ist eine hohere Festigkeit 
der Prothese in Langsrichtung gegeben. 

Dabei ist es auch vorteilhaft, wenn auch die AnschluB- 
stticke in einem Schnitt quer zur Langsachse der Wirbelpro these in 
Bezug auf diese Achse konvex gekrummt sind. Dadurch wird auch ei- 
ne bessere Anpassung der AnschluBstiicke an die angrenzenden Wir- 
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belkorper gegeben. Wird diese Form noch mit kreisformigen Stiitz- 
platten kombiniert, kann die gesamte Wirbelprothese einfach durch 
Drehen hergestellt wercien. 

Es ist weiters vorteilhaft, wenn die Schienen an den ein- 
ander zugewandten Seiten rait ineinandergreifenden Zahnen versehen 
sind. Dadurch wird jeweils bei Einrasten eines Zahns auf einer 
Schiese in die entsprechende Vertiefung auf der anderen Schiene 
eine gewisse Fixierung des Abstandhalters gegeben. 

Dabei ist gtinstig, wenn bei jeder Schiene die Flanken der 
Zahne auf der Seite, die der mit der Schiene fest verbundenen 
Stiitzplatte zugewandt ist, senkrecht sind und auf der Seite, die 
der anderen Stiitzplatte zugewandt ist, schrag ab fallen. Derart 
ausgebildete Zahne auf den Schienen bewirken, daJ3 der Abstandhal- 
ter zwar zusammenschiebbar ist, ein unbeabsichtigtes Ausziehen 
jedoch durch das Anliegen der senkrechten Flanken der Zahne an- 
einander verhindert wird. 

Es ist auch von Vorteil, wenn jede Schiene des Abstand- 
halters nur in den an die beiden Langskanten anschlieBenden Rand- 
bereichen mit Zahnen versehen ist. Diese Ausfiihrungsform ist dann 
besonders vorteilhaft, wenn die Schienen des Abstandhalters in 
einem Schnitt guer zu ihrer Langsachse bezuglich der Langsachse 
der Wirbelprothese konvex gekrummt ausgebildet sind. Durch das 
Weglassen der Zahne im inneren Bereich der Schienen wird die Fe- 
derwirkung beim Verbinden der Schienen verstarkt, da bei uber die 
gesamte Schienenbreite verlaufenden Zahnen eine erhohte Radial - 
steifigkeit der Schienen gegeben ist. 

Weiters ist bevorzugt vorgesehen, daS die beiden Schienen 
mittels eines losbaren Befestigungsmittels, z.B. eines Stiftes 
Oder einer Schraube, miteinander verbunden sind. Bei lockerem Be- 
festigungsmittel sind die beiden Schienen damit leicht verstell- 
bar. Wenn die Prothese mit eingesetztem Implantat dann auf ihre 
endgultige Lange eingestellt ist, wird das Befestigungsmittel 
einfach festgezogen oder geschlossen und preBt dadurch die beiden 
Schienen des Abstandhalters fest gegeneinander. Ein unerwunschtes 
Verstellen der Prothese in der Lange ist damit praktisch unm6g- 
lich. 

Auch ist es vorzuziehen, wenn alle Telle des Befesti- 
gungsmittels unverlierbar festgehalten sind. Dies kann bei einer 
Schraube etwa dadurch erreicht werden, daB diese nach ihrem Ein- 
setzen an ihrem vom Kopf abgewandten Ende nietenartig flachge- 
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druckt wird. Da diese Schraube relativ klein und beim Einsetzen 
der Prothese nur locker befestigt ist, besteht die Moglichkeit, 
daS sie und/oder eine eventuelle Gegenmutter im Korper des Pati- 
enten verloren geht. Dies wird dadurch verhindert. Bei Verwen- 
dung eines anderen Bef estigungsmittels, beispielsweise eines 
Stiftes, kann dieser mit einer der Schienen fest verbunden sein, 
durchragt jedenfalls die andere Schiene und kann beispielsweise 
auf dem herausragendem Abschnitt ein Gewinde aufweisen, auf wel- 
ches eine Mirtter auf geschraubt ist. Das Ende des Stiftes kann 
dann ebenfalls nietenartig f lachgedruckt werden, urn hier die Mut- 
ter unverlierbar zu halten. 

Vorzugsweise werden die Schienen bei loser Schraube durch 
eine unter dem Schraubenkopf angeordnete Feder, z.B. eine Blatt- 
feder, federnd aneinandergedriickt , die zugleich eine Sicherung 
fur die Schraube bildet. So werden die Schienen des Abstandhal- 
ters bereits bei loser Schraube in gewissen MaS zusammengepreBt, 
wodurch eine exakte Langsanpassung der Prothese erleichtert und 
ein "Klappern" der Schienen verhindert wird. Gleichzeitig wird 
ein ungewolltes Lockern der Schraube durch die Wirkung der Feder 
verhindert. Die Feder kann dabei beispielsweise in Form einer 
Schraubenfeder oder einer gebogenen Blattfeder vorgesehen sein. 

Auch ist es gunstig, wenn in der naher zur Langsachse der 
Wirbelprothese gelegenen Schiene eine Gewindebohrung zur Aufnahme 
der Verbindungsschraube vorgesehen ist. Da die verwendete Verbin- 
dungsschraube auf Grund der Abmessungen der Prothese klein sein 
muB und sie erst dann festgezogen werden soil, wenn die Prothese 
mit eingesetztem Implantat an der zu prothesierenden Stelle der 
Wirbelsaule des Patienten auf ihre endgultige Lange gebracht wur- 
de, ist eine Gewindebohrung vorteilhaf ter als eine Gegenmutter. 
Das Festziehen der Schraube gestaltet sich einfacher, da keine 
spezielle MaSnahme zum Festhalten der Mutter benotigt wird. 

In der weiter von der Langsachse der Wirbelprothese weg 
gelegenen Schiene kann dann vorteilhaf ter Weise ein von der Ver- 
bindungsschraube durchsetzter Langsschlitz vorgesehen sein. Die- 
ser Langsschlitz ermoglicht ein einf aches, rasches und praktisch 
stufenloses (soweit es durch die Zahne "stufenlos" sein kann) 
Verstellen des Abstandhalters . An sich ist es aber auch moglich, 
in einer oder beiden Schienen in Langsrichtung mehrere Bohrungen 
in Abstanden nebeneinander vorzusehen. Die Langenanpassung er- 
folgt dann dadurch, daB eine Schraube in jeweils miteinander 
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fluchtende Bohrungen eingeschraubt wird. Diese LSsung 1st jedoch 
be± der Herstellung der Prothese mit erheblichen Mehraufwand ver- 
bunden, da alle Bohrungen der innenliegenden Schiene mit Innen- 
gewinden versehen werden miissen und auch air Zahnabstand mit dem 
Abstand der Bohrungen koordiniert werder r iB, urn ein vollstand- 
iges Ubereinanderliegen der beiden Bohr a, en zu gewahrleisten. 

Es ist auch von Vorteil, wenn aer Kopf der Verbindungs- 
schraube versenkt vorgesehen ist. Dadurch kann eine glatte AuBen- 
seite des Abstandhalters erreicht werden, was im Hinblick auf 
eine mogliche Verletzung des umliegenden Gewebes gunstig ist. 

Nach einer weiteren Ausftihrungsform sind die Schienen des 
Abstandhalters federnd zusammengehalten. Sie konnen dadurch aus- 
serhalb des Korpers des Patienten in der Lange verstellt werden, 
ohne daB ein Verrutschen beim Einsetzen erfolgt. Nach Einsetzen 
der Prothese konnen die Schienen dann durch die Art der auf den 
Schienen vorgesehenen Zahne nur mehr zusammengleiten, bis das 
Implantat irnen an den Stiitzplatten anliegt. Es ist zwar hier 
auch die zu. zliche Absicherung durch ein zusatzliches Befesti- 
gungsmittel, ,ie eine Schraube, moglich, aber bei entsprechender 
Ausgestaltung der Feder nicht unbedingt erforderlich. 

Insbesondere kdnnen die Schienen durch eine oder mehrere 
sie auSen umgreifende C-formige Federklammer( n) zusammengehalten 
werden. Derartige Federklammern lassen sich leicht aufsetzen und 
wieder entfernen, wodurch ein einf aches offnen der Prothese, z.B. 
bei Einsetzen eines falsch dimensionierten Implantats ermoglicht 
wird. 

Dabei sind bei Verwendung von zwei Federklammern diese 
vorzugsweise an den Langskanten der Schienen vorgesehen und 
greifen in jeweils an der bezuglich der Langsachse der Wirbelpro- 
these auBeren Fiache der auBeren Schiene und der inneren Flache 
der inneren Schiene vorgesehene Langsnuten ein, wodurch sie gegen 
Verrutschen und Losen gesichert sind und iiberdies vorstehende 
Telle vermieden werden k6nnen. 

Giinstig ist, wenn zwischen den Schienen ein in eine an 
der Innenseite der auBeren Schiene vorgesehene Vertiefung ver- 
senkbares, in ausgefahrener ^rellung quer zur Vertiefung ein- 
stellbares federbelastetes Distanzstiick vorgesehen ist. Ein der- 
artiges Distanzstuck, das gegebenenfalls in eine zweite weniger 
hohe Vertiefung einrasten kann, ermoglicht in seiner ausgefahren- 
en Stellung ein Offnen der Wirbelprothese, etwa bei einem ein- 
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gesetzten falsch dimensionierten Implantat, ohne die Federklam- 
mern zu ervtfernen. Das Distanzstiick druckt dann die beiden Schie- 
nen und die darauf bef indlichen Zahne gegen die Federwirkung der 
Klanunern so weit auseinander, daB die Zahne nicht mehr ineinan- 
dergreif en . 

Dabei kann das Distanzstiick durch den Steg eines T- 
formigen Einsatzes gebildet sein, dessen Schenkel durch eine in 
der aufieren Schiene vorgesehenen Bohrung nach auBen hindurchr agt . 
Dadurch ist eine einfache Verstellmoglichkeit des Distanzstuckes, 
sowohl bei eingesetzter Prothese als auch auBerhalb des Korpers 
des Patienten, durch ein entsprechend ausgebildetes Werkzeug, 
beispielsweise durch einen passenen Schlussel, gegeben. 

Es ist auch von Vorteil, wenn senkrecht von den Stutz- 
platten aufeinander zu gerichtete und vorzugsweise aneinander 
anschlieBende Wande zur mindestens teilweisen Begrenzung des zwi- 
schen den Stutzplatten vorgesehenen Aufnahmeraumes vorgesehen 
sind, wobei eine Wand auch von einer Schiene gebildet sein kann. 
Speziell wenn kein genugend groBes korpereigenes Knochenimplantat 
zur Verfligung steht ist: der Chirurg oft: dazu gezwungen, mehrere 
kleinere Knochenstucke zu verwenden und diese mit Knochenzement 
zu verbinden. Dabei ist: es oft gunstig, wenn der Aufnahmeraum mit 
Wanden vorgesehen ist, da dann diese Knochenstucke ohne vorheri- 
ger Formgebung nur in den Aufnahmeraum eingef tillt und mit Kno- 
chenzement miteinander verbunden werden mussen. Die Verbindung 
durch den Knochenzement kann dabei entweder bei auseinandergenom- 
mener Prothese Oder bei bereits an die Lange der zu uberbrucken- 
den Llicke angepaBter Prothese durch hiezu vorgesehene Durchbrech- 
ungen erfolgen. Am einfachsten entsprechen diese Wande der Form 
der Stutzplatten, sodaB etwa auch bei kreisrunden Stutzplatten 
eine hohlzylinderf ormige Wand zur Begrenzung des Auf nahmeraums 
vorgesehen sein kann. 

GemaB einer bevorzugten Ausfuhrungsform der vorliegenden 
Erfindung bildet je eine Stiitzplatte mit der mit ihr fest ver- 
bundenen Schiene und dem AnschluBstiick eine integrale Einheit. 
Die Anzahl der Teile der Wirbelprothese wird dadurch verringert. 
Damit ist ein einf aches und rasches Zusammensetzen der Prothese 
vor dem Gebrauch moglich. 

In diesem Falle kann dann die Einheit aus einem Stuck 
herausgearbeitet sein. Speziell die Herstellung einer Prothese 
mit runden Stutzplatten und gekrummten Schienen und AnschluB- 
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stucken kann dann durch Drehen aus einem Rohling erfolgen. Da- 
durch ist ein sicherer und fester Aufbau der Einheit gewShrleist- 
et, ohne nachtraglichen SchveiB-, Niet- Oder Schraubverbindung . 
Verbindungen dieser Art k6nnen im Korper des Patienten nicht 
durch Bildung eines Lokalelementes korrodieren und Schwachstellen 
bilden. Als Rohling kann ein passendes Stuck, beispielsweise aus 
einem Sonderstahl, z.B. aus ( A)FM138-Stahl (US-Norm), verwendet 
werden . 

Eine weitere Aufgabe der vorliegenden Erfindung ist es, 
eine Vorrichtung zur Handhabung der oben beschriebenen Wirbelpro- 
these zu schaffen. Hiezu wird eine Vorrichtung, umfassend zwei 
zueinander parallele Arme mit Einsatzen als Arbeitsteile, mindes- 
tens eine Fuhrungseinrichtung und eine Verstelleinrichtung ver- 
wendet, wobei die Arme der Vorrichtung durch die Fuhrungseinrich- 
tung bei einem Verstellen in einer Ebene parallel zueinander ge- 
fuhrt werden und die Verstelleinrichtung ein kontrolliertes Ein- 
stellen des Abstandes der beiden Arme zueinander ermoglicht. Mit 
einer derartigen Vorrichtung wird das Einsetzen, Spreizen und 
gegebenenfalls das Entfernen der erf indungsgemaBen, in der Regel 
relativ kleinen, Wirbelprothese wesentlich vereinfacht, wenn ein 
Einsatz zum Befestigen einer Wirbelprothese benutzt wird. Ein- 
satze fur andere Zwecke, etwa zum Vorstechen der Locher fur die 
Dome, erleichtern weiters das Operieren. 

Am einfachsten kann die Fuhrungseinrichtung und die Ver- 
stelleinrichtung jeweils durch Stabe und die Verstelleinrichtung 
dabei durch ein Gewinde an einem Stab gebildet werden. Das Ge- 
winde ermoglicht dabei ein einfaches und stufenloses Verstellen 
des Abstands zwischen den Armen. Es ist auch moglich, die Ver- 
stellung durch zwei gegenlaufige Gewinde auf einem Stab vorzu- 
nehmen, wobei die beiden gegeniauf igen Gewindeabschnitte dieses 
S tabes dann in entsprechende Gewinde in den Armen eingreifen. 

Zur stabilen Fuhrung auch bei starkerer Belastung ist es 
vorteilhaft, wenn die Fuhrungseinrichtung durch zwei zueinander 
parallele Stabe, zweckmaBigerweise zu beiden Seiten der Verstell- 
einrichtung, gebildet wird. 

GemMB einer weiteren beyorzugten Aus fuhrungs form ist auch 
zus&tzlich eine MeSeinrichtung zur Bestimmung des Abstandes der 
beiden Arme vorgesehen. Dies vereinfacht die Auswahl der GrtfBe 
der Wirbelprothese und auch die Vorfertigung des Implantats, da 
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der Abstand zwischen den verbleibenden Wirbelkorpern durch den 
Chirurgen rasch und genau bestimmt werden kann. 

Bei einer Wirbelprothese mit AnschluBstucken und Durch- 
brechungen in diesen AnschluBstiicken kann die Wirbelprothese 
durch Schrauben mit den Einsatzen zu deren Halterung derart ver- 
bunden sein, daB die Schrauben durch Bohrungen in den Einsatzen 
ragen und in Gewinden ruhen, die hier in den Bohrungen der An- 
schluBstiicke der Wirbelprothese vorgesehen sind. Die Verwendung 
von Schrauben zur Befestigung der Wirbelprothese an den Einsatzen 
ermoglicht eine sichere und auch leicht losbare Verbindung. 

In einer weiteren bevorzugten Ausf iihrungsf orm der Vor- 
richtung 1st die der Wirbelprothese zugewandte Seite der zu deren 
Halterung bestimmten Einsatze an die auBere Form der AnschluB- 
stiicke der Wirbelprothese angepaBt und vorzugsweise sind die Ein- 
satze an den Armen unverdrehbar gehalten. Dadurch wird bei an 
diesen Einsatzen an den Armen der Vorrichtung befestigter Wirbel- 
prothese eine genaue Fuhrung der Telle der Wirbelprothese beim 
Spreizen der Vorrichtung ermoglicht und ein eventuelles Verkanten 
des Abstandshalters der Wirbelprothese vermieden. 

Die Erfindung wird nachfolgend anhand von in den Zeich- 
nungen dargestellten bevorzugten Ausf uhrungsbeispielen noch wel- 
ter erlautert. 

Es zeigen : 

Fig. 1 eine axonometrische Ansicht einer Wirbelprothese 
in auseinandergezogener Darstellung; 

Fig. 2 eine Unteransicht der bezuglich der Langsachse der 
Wirbelprothese auBeren, in Fig. 1 unteren Halfte dieser Wirbel- 
prothese von Fig. 1; 

Fig. 3 eine Wirbelprothese gemaB einer Ausf iihrungsf orm 
mit Federn in zusammengebautem Zustand in axonometrischer An- 
sicht; 

Fig. 4 eine Draufsicht der in Fig. 3 oberen (inneren) 
Halfte der Wirbelprothese von Fig. 3; 

Fig. 5 eine Draufsicht einer unteren (auBeren) Wirbel- 
prothesen-Halfte in einer Ausf iihrungsf orm nach der Fig. 3 und 4; 

Fig. 6 einen Grund- und AufriB eines Distanzstiickes f iir 
die Wirbelprothese von Fig. 5; 

Fig. 7 eine andere Wirbelprothese mit kreisf ormiger 
Stutzflache in axonometrischer Ansicht; 
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Fig. 8 eine Teilansicht einer modif izierten unteren 
(SuSeren) Halfte einer Wirbelprothese gemSS einer weiteren Aus- 
fuhrungsform; 

Fig. 9 eine axionometrische Ansicht einer modif izierten 
oberen (inneren) Wirbelprothesen-HSlfte; 

Fig. 10 eine schematische Seitenansicht einer einge- 
setzten Wirbelprothese gemSB Fig. 1 mit eingesetztem Implantat; 

Fig. 11 eine Wirbelprothese gemaS einer weiteren Aus- 
fiihrungsform mit einer kompletten Umwandung des Auf nahmeraumes 
fur das Implantat in zusammengebautem Zustand in axonometrischer 
Ansicht; 

Fig. eine Draufsicht der in Fig. 11 oberen Halfte der 
Wirbelprothese ; 

Fig. 13 eine Draufsicht der in Fig. 11 unteren Halfte der 
Wirbelprothese ; 

Fig. 14 eine Wirbelprothese gemaS noch einer weiteren 
Ausfuhrungsform in zusammengebautem Zustand in axonometrischer 
Ansicht; 

Fig. 15 eine axionometrische Ansicht einer weiteren modi- 
f izierten oberen (inneren) Wirbelprothesen-Half te; 

Fig. 16 eine axionometrische Ansicht noch einer anderen 
modif izierten unteren (SuBeren) Wirbelprothesen-Half te; 

Fig. 17 einen GrundriB eines Details der Fig. 16; 

Fig. 18 eine Seitenansicht einer Vorrichtung zur Hand- 
habung der Wirbelprothese; 

Fig. 19 eine Draufsicht auf die Vorrichtung von Fig. 18; 

und 

Fig. 20 einen anderen Einsatz. 

In Fig. 1 ist eine Wirbelprothese 1 veranschaulicht, die 
im wesent lichen aus zwei Teilen Oder Half ten besteht, die je eine 
integrale Einheit 2, 3 bilden. Jede dieser Einheiten 2, 3 besteht 
im wesentlichen aus einer z.B. sechseckigen Stiitzplatte 4 (auch 
beliebige andere Formen sind mSglich), die tiber einen Verbin- 
dungsabschnitt 5 mit einem dazu vorzugsweise rechtwinkelig 
angeordnetem AnschluSstuck 6 verbunden ist. Auf der anderen Seite 
des Verbindungsabschnittes 5 erstreckt sich vorzugsweise senk- 
recht weg von diesem eine Schiene 7 bzw. 8, wobei die beiden 
Schienen 7, 8 miteinander einen langenverstellbaren Abstandhalter 
9 bilden, wie weiter unten noch naher erlautert wird. Zwischen 
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den Stiitzplatten 4 ist ein Aufnahmeraum fur das Implantat gebil- 
det, der seitlich nur teilweise von den Schienen 7 und 8 begrenzt 
ist und fur den die Stiitzplatten 4 die Deck- und Bodenf lachen 
bilden. Die LSnge dieses Aufnahmeraumes ist durch gegeneinander 
Verschieben der Schienen variierbar. Bei Befestigung der beiden 
Schienen 7 und 8 aneinander wird dessen GroBe festgelegt und sta- 
bil gehalten. 

Die Stiitzplatten 4 weisen, vom Rand bzw. von den Ecken 
etwas nach innen versetzt, sich in beide Richtungen erstreckende 
Dorne 10 zur Verankerung in angrenzende WirbelkSrper (nicht ge- 
zeigt) bzw. Dorne 11 zur Verankerung eines eingesetzten Implan- 
tats (ebenfalls nicht gezeigt) auf. Die Dorne 10 und 11 konnen 
selbstverstandlich versetzt und an anderen Stellen vorgesehen 
warden, genauso wie sie auch andere Formen in Ansicht und Quer- 
schnitt haben konnen. Besonders bei kiinstlichen Implantaten sind 
die in den Aufnahmeraum ragenden Dorne 11 nicht unbedingt erfor- 
derlich, ja bei besonders harten Implantaten auch gar nicht 
zweckmaBig . 

Welters sind in den Stiitzplatten 4 Durchbrechungen 12 
vorgesehen, urn ein Zusammenwachsen des zwischen den Stiitzplatten 
4 bef indlichen Implantats mit den angrenzenden Wirbelkorpern zu 
ermoglichen* Nachdem ein Durchwachsen erwunscht ist, sind solche 
Durchbrechungen vorteilhaft. Die Anzahl und Ausbildung dieser 
Durchbrechungen konnen beliebig variieren, jedoch ist es zur Er- 
zielung einer Umwachsung zwecks festerer Verankerung der Prothese 
zweckmaBig, wenigstens zwei Durchbrechungen vorzusehen. 

In den AnschluBstucken 6 sind Bohrungen 13 vorgesehen, 
durch die (nicht dargestellte) Knochenschrauben von der Seite her 
in die angrenzenden Wirbelkorper eingeschraubt werden konnen. 
Diese Bohrungen konnen auch mit Gewinden versehen sein. Derartige 
AnschluBstucke miissen uberhaupt nicht vorgesehen werden, weil 
auch schon mit den Dornen 10 alleine eine stabile Verbindung her- 
stellbar ist. Sie tragen aber zu einer weiteren Stabilisierung 
bei. 

Die beiden Schienen 7, 8 des langenverstellbaren Abstand- 
halters 9 sind auf den einander zugewandten Seiten mit Zahnen 14 
versehen, deren Flanken jeweils auf der Seite, die der mit der 
Schiene 7 bzw. 8 verbundenen Stlitzplatte 4 zugewandt ist, senk- 
recht sind und auf der anderen Seite schrag abf alien. In der be- 
zuglich der - durch die Mitten der Stiitzplatten 4 def inierten - 
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LSngsachse der Wirbelprothese 1 SuBeren Schiene 8 1st ein L&ngs- 
schlitz 15 und in der inneren Schiene 7 ist eine Gewindebohrung 

16 vorgesehen. Der LSngsschlitz 15 ist so dimensioniert , daB der 
Schaft einer Verbindungsschraube 17 darip in LSngsrichtung ver- 
schiebbar ist. Beim Zusammenbau der Wirbelprothese 1 wird diese 
durch den Langsschlitz 15 hindurchgeschobene Verbindungsschraube 

17 gegen die Federwirkung einer zwischen der Schiene 8 und dem 
Kopf der Schraube 17 angeordneten Blattfeder 18, die abgerundete 
Kanten aufweist, in die in der Schiene 7 vorgesehenen Gewinde- 
bohrung 16 eingeschraubt . Das aus der Gewindebohrung 16 heraus- 
ragende Ende kann dann nietenartig f lachgedruckt werden und so 
unverlierbar in den Schienen festgehalten sein. Es w&re zwar auch 
moglich innen glatte Schienen 7 und 8 zu verwenden, jedoch stellt 
dies eine erheblich hohere Anforderung an die Befestigungsmittel. 
Auch beliebig anders geformte ineinandergreif ende Vorsprunge und 
Vertiefungen konnten an den einander zugeordneten Flachen der 
Schienen 7 und 8 vorgesehen sein, jedoch stellen Zahnreihen ein 
Optimum dar. 

Wie aus Fig. 2 ersichtlich ist, weist die Schiene 8 der 
auSeren integralen Einheit 3 im Randbereich des Langsschlitzes 15 
einen Absatz oder eine Schulter 19 auf, auf dem bzw. der die 
Blattfeder 18 und die Unterseite des Kopfes der Verbindungs- 
schraube 17 aufliegen, wodurch der Kopf gegenuber der Unter- oder 
AuBenseite der Schiene 8 versenkt angeordnet ist. 

Die in Fig. 3 gezeigte Wirbelprothese 1 besteht im we- 
sentlichen aus den gleichen Teilen wie die in Fig. 1 gezeigte 
Wirbelprothese. Unterschiedlich ist hier die lOsbare Verbindung 
der beiden mit zahnen 14 versehenen Schienen 7, 8 der beiden 
HSlften 2, 3 der Wirbelprothese 1. Auf der Oberseite der oberen 
Schiene 7 und der Unterseite der unteren Schiene 8 sind benach- 
bart den LSngsrandern LSngsnuten 20 vorgesehen, in die zwei C- 
formige Federklammern 21 eingreifen, urn in diesen gelagert zu 
werden und so die Schienen 7, 8 zusammenzudrucken. Bei der Wir- 
belprothese 1 nach Fig. 3 muB somit nach dem Einsetzen des Im- 
plantats (nicht gezeigt) kein ZusammenschlieBen der Schienen 7, 8 
durch eine Verbindungsschraube 17 vorgenommen werden. 

Fig. 4 zeigt die obere integrale Einheit 2 der Wirbelpro- 
these 1 gemSB Fig. 3, deren AnschluBstuck 6 im Bereich der Kno- 
chenschrauben-Bohrung 13 eine nsenkung 22 ( strichliert gezeigt) 
fiir die versenkte Anbringung u,r durch die Bohrung 13 dringende 
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Knochenschraube (nicht gezeigt) aufweist. Eine gleichartige Aus- 
bildung weist auch die Bohrung der Einheit 3 auf . 

Die in Fig. 5 gezeigte untere integrale Einheit 3 besitzt 
zusatzlich an der mit den Zahnen 14 versehenen Oberseite der 
unteren (auBeren) Schiene 8 zwei zueinander senkrecht liegende, 
einander schneidende rechteckige Vertiefungen 23, 23' und eine im 
Schnittpunkt beider Vertiefungen vorgesehene Bohrung 24. Die bei- 
den Vertiefungen 23 , 23 ' sind dabei unterschiedlich tief . Im vor- 
liegenden Fall ist beispielsweise die parallel zur Langsachse der 
Einheit liegende Vertiefung 23' so tief, daB sie den (strichliert 
eingezeichneten) Steg 25 eines in Ansicht T-formigen Distanz- 
stuckes 26 (siehe Fig. 6) zur Ganze aufnehmen kann, sodaB bei zu- 
sammengebauter Prothese die Zahne 14 der beiden eng aneinander 
anliegenden Schienen 7, 8 ineinandergreifen konnen, wogegen die 
Vertiefung 23 wesentlich seichter ist. Wenn der Steg 25 des Dis- 
tanzstuckes 26 (Fig. 6) von auSen gegen die Wirkung der Feder- 
klammern 21 nach innen, in Richtung auf die andere Schiene 7, ge- 
druckt und urn 90° gedreht wird, sodaB der Steg 25 in der seichte- 
ren Vertiefung 23 zu liegen kommt, liegen die Zahne 14 der an- 
deren Schiene 7 am Steg 25 auf und konnen nicht mehr in die Zahne 
14 der Schiene 8 eingreifen. Dadurch ist ein Offnen der Wirbel- 
prothese 1 ohne Entf ernung der C-f ormigen Federklammern 21 mog- 
lich und die beiden Schienen 7, 8 konnen ubereinander geschoben 
werden . 

Fig. 6 zeigt im einzelnen in Auf- und GrundriB das in 
Fig. 5 verwendete Distanzstuck 26 mit dem Steg 25 und einem 
Schenkel 27 mit einer sechseckigen Ausnehmung 28 in seiner Stirn- 
flache. Der Schenkel 27 ragt dann bei zusammengebauter Prothese 
durch die Bohrung 24 und kann mit einem geeigneten Schlussel von 
auBen leicht gedreht werden. 

In Fig. 7 ist eine weitere Ausfiihrungsf orm gezeigt, bei 
der die Stutzplatten 4 der beiden Einheiten 2, 3 der Wirbelpro- 
these 1 kreisrund ausgebildet sind. Diese Ausbildung erleichtert 
das Herausarbeiten der Einheiten 2, 3 aus einem Stuck , beispiels- 
weise durch Drehen. Im ubrigen entspricht die Wirbelprothese 1 
von Fig. 7 jener gemaS Fig. 1. 

Fig. 8 zeigt in Teilansicht eine Modifikation der Schie- 
nen 7 bzw. 8 (hier: der Schiene 8) der Wirbelprothese 1, wobei 
die Zahne 14 nur in den beiden Langs-Randbereichen 29, 30 der 
Schienen vorgesehen sind. Welters sind die Schienen in einem 
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Schnitt quer zu der Langsachse der Wirbelprothese konvex ge- 
krummt. Zur leichteren Herstellung mittels Drehen liegt der Kriim- 
mungsmittelpunkt der Schiene im Mittelpunkt der Stutzplatten. 

In Fig, 9 1st eine weitere Abwandlung der integralen Ein- 
heit 2 der Wirbelprothese 1 gezeigt, wobei im einzelnen die obere 
Oder innere Schiene 7 auf mehreren Abschnitten ihrer LSnge in 
Richtung zur Schiene 8 der integralen Einheit 3 ( ;:icht gezeigt) 
umgebogene oder abgewinkelte Telle 31* aufweist, die eine Fuhrung 
fur die andere, untere Schiene 8 bilden. 

Fig. 10 zeigt in schematischer Seitenansicht eine Wirbel- 
prothese 1, hier jene gemaB Fig. 1, im eingesetzten Zustand, 
wobei die bligelartige Konf iguration der Wirbelprothese 1 ersicht- 
lich ist. Welters sind auch ein zwischen den Stutzplatten 4 be- 
findliches Implantat 32 sowie zwei durch die Bohrungen 13 in den 
AnschluSs tiicken 6 seitlich in die angrenzenden, gesunden Wirbel- 
korper (z.B. 34) eingeschraubte Knochenschrauben 33 ersichtlich. 
Ebenso sind strichliert die in die Wirbelkorper 34 bzw. in das 
Implantat 32 eindringenden Dorne 10 und 11 dargestellt. 

Die in Fig. 11 gezeigte Wirbelprothese 1 besteht im we- 
sentlichen aus den gleichen Teilen wie die in Fig. 1 gezeigte 
Wirbelprothese 1. Unterschiedlich sind hier die von den Stutz- 
platten 4 aufeinander zu gerichteten und aneinander anschlieBen- 
den Wande 4' und 4", die zwei ineinanderschiebbare Schachteln 
bilden, welche den Aufnahmeraum fur das Implantat umschlieSen. 

Fig. 12 und Fig. 13 zeigen die beiden Half ten 2 und 3 der 
Wirbelprothese 1 von Fig. 12 mit den Wanden 4 ! und 4" in Ansicht. 

Die in Fig. 14 gezeigte Wirbelprothese 1 besteht eben- 
falls im wesentlichen aus den gleichen Teilen wie die in Fig. 1 
gezeigte Wirbelprothese 1, jedoch sind hier die AnschluBstiicke 6 
auf der dem Abstandhalter 9 gegemiber liegenden Seite der Stutz- 
platten 4 angeordnet. Welters sind die Stutzplatten 4 rund und 
die Schienen 7 , 8 des Abstandhalters 9 und die AnschluBstiicke 6 
sind in einem Schnitt quer zu 'lrer Langsachse bezuglich der 
LSngsachse der Wirbelprothese konvex gekrununt ausgebildet und 
zwar mit einem Krummungsradius, dessen Mittelpunkt mit den Mit- 
telpunkten der Stutzplatten 4 zusammenf Silt . Diese Schienen bil- 
den gleichzeitig Teilwande des Auf nahmeraumes . Bei dieser Aus- 
fiihrungsform ist in der SuBeren Schiene (hier 7) nur eine Bohrung 
fur einen Schraubenschaf t als Bef estigungsmittel dargestellt. 
Hier wird der bewegliche und zum Lockern der LSngsverbindung der 
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beiden Schienen 7 und 8 vorgesehene Teil der Bef estigungsmittel , 
etwa der Schraubenkopf oder eine Mutter an der unteren (nicht 
sichtbaren) Seite der Schiene 8 vorzugsweise versenkt liegen. 
Will man jedoch bei eingesetztera Implantat dann eine Fixierung 
oder Lockerung erreichen, muB das Implant at durchbohrt werden, urn 
ein Werkzeug, wie einen Schliissel, hindurchfiihren zu konnen. 

In Fig. 15 ist noch eine Abwandlung der integralen 
Einheit 2 der Wirbelprothese 1 gezeigt, wobei hier beispielsweise 
die obere oder innere Schiene 7 im der Stutzplatte 4 gegeniiber- 
liegenden Endbereich auf beiden Langsseiten je einen seitlichen 
Vorsprung 31a aufweist, die nach unten in Richtung zur Schiene 8 
der integralen Einheit 3 (nicht gezeigt) ragen oder abgewinkelt 
sind. Die Vorspriinge 31a bilden dabei hier eine seitliche Fuhrung 
fur die andere, untere Schiene 8. Gleichzeitig kann naturlich 
auch die nicht gezeigte Schiene 8 ebensolche Vorspriinge 31a auf - 
weisen. Auch konnen die Vorspriinge 31a an ihren Enden hakenartige 
Fortsatze zum Hintergreif en der Schiene 8 besitzen. 

Fig. 16 zeigt eine weitere Ausfiihrungsf orm der integralen 
Einheit 3 der Wirbelprothese 1, wobei hier die Fuhrung fur die 
andere Schiene 7 durch einen im Endbereich der auSeren Schiene 8 
angeordneten Bugel 31b gebildet wird, der die andere Schiene 7 im 
zusammengebauten Zustand mit Spiel (urn ein Ubereinander " rat schen ft 
der Zahne der Schienen 7, 8 bei der Langsverstellung zu ermog-' 
lichen) umgreift. Der Biigel 31b hat auBer der Fuhrungsfunktion 
auch den Zweck, die beiden integralen Einheiten 3, aus denen die 
Wirbelprothese besteht, im noch nicht fixierten Zustand besser 
zusammenzuhalten . 

Die Einheit 3 weist hier uberdies ein modif iziertes An- 
schluBstiick 6 mit zwei seitlichen Durchbrechungen 13 zur Aufnahme 
von zwei Knochenschrauben (nicht gezeigt) in zwei seitlich vor- 
ragenden Zungen auf. Die fur das Eindringen dieser Knochenschrau- 
ben hinderlichen nach auBen ragenden Dome 10 sind hier wegge- 
lassen (vgl. auch Fig. 17). 

In Fig. 18 wird eine Vorrichtung 35 gezeigt , die warend 
der Operation in Verbindung mit der Wirbelprothese 1 (nicht ge- 
zeigt) zum Einsatz kommt. Die Vorrichtung 35 besteht aus zwei in 
einer Ebene liegenden zueinander parallelen Armen 36 und 37, die 
miteinander durch zwei parallele Fiihrungsstabe 40 und einen vor- 
zugsweise in der gleichen Ebene liegenden Verstellstab 41 verbun- 
den sind. Die Endbereiche der Arme 36 und 37 weisen jeweils 
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Gewindebohrungen 46 zur Befestigung von auswechselbare EinsStzen 
38, 39 mittels Schrauben 47 auf. Diese beiden EinsStze besitzen 
ihrerseits jeweils sowohl eine Bohrung 48 zur versenkten Aufnahme 
der Schraube 47, als auch eine Bohrung 43 zur Aufnahme von 
Schrauben 42 zur Befestigung der Wirbelprothese 1 (hier nicht ge- 
zeigt) uber deren AnschluBstucke 6. Die Fuhrungsstabe 40 sind in 
Bohrungen im Arm 36 eingepreBt und in Bohrungen 49 im Arm 37 
verschiebbar. Weiters weisen die Fuhrungsstabe 40 an ihren Enden 
Anschlage 50 auf . Der Verstellstab 41 weist eine aufgepreBte 
RSndelscheibe 52, eine Schulter 51 und einen Gewindeabschnitt 44 
auf, welcher Gewindeabschnitt in eine Gewindebohrung 53 im Arm 37 
eingreif-t. Der Abschnitt zwischen der Schulter 51 und der Randel- 
scheibe 52 ist dabei in einer Bohrung 54 im Arm 36 frei drehbar. 
Bei Drehung der Randel schraube 52 werden dann je nach Drehrich- 
tung die beiden Arme 36 und 37 zueinander parallel auseinander- 
oder zusammengeschoben, wodurch in weiterer Folge bei aufge- 
schraubter Wirbelprothese der Abstandhalter 9 der (nicht gezeig- 
ten) Wirbelprothese 1 geoffnet oder geschlossen wird. Weiters ist 
auf einem der Flihrungsst&be 40 eine Skalierung 45 zum Ablesen des 
Abstandes der beiden Arme 36 und 37 voneinander bzw. der bendtig- 
ten GroBe der Wirbelprothese oder des implantats angebracht. 

Fur die Ausbildung der Fuhrung sind eine Vielzahl von 
Varianten verfugbar. Die einfachste ist nur ein drehbarer Stab, 
der gleichzeitig das Gewinde fur die Verstelleinrichtung tragt. 
Wenn die Bauhohe groB genug ist, wird auch ein Herausragen der 
Fuhrungsstabe nicht erf orderlich. Auch mussen keine StSbe verwen- 
det werden - so ist etwa auch eine geschlitzte Platte, in deren 
Schlitz der Gewindestab drehbar angeordnet ist, eine mogliche 
Alternative, Auch die Verstelleinrichtung kann anders ausgebildet 
sein. 

In Fig. 19 ist ersichtlich, daB die der Wirbelprothese 1 
zugewandte Seite der EinsStze 38 und 39 an die runde Form der 
AnschluBstucke 6 aus Fig, 14 angepaBt ist. Eine anders Form der 
Anpassung ware etwa durch eine entsprechende Ausnehmung in der 
EinsatzvorderflSche erzielbar. Weiters ist im Endbereich des Arms 
36 eine Nut 55 zur Aufnahme eines Vorsprungs 56 am Einsatz 38 er- 
sichtlich, was als ein Beispiel fur eine zus&tzliche Fixierung 
gegen Verdrehung gegenuber dem Arm (hier 36) von vielen MSglich- 
keiten anzusehen ist* 
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Fig. 20 zeigt einen anderen Einsatz, der analog zu einer 
Sttitzplatte 4 mit Aufiendornen ausgebildet ist. Er dient zum Ein- 
stechen der Locher in die angrenzenden Wirbelkorper zur Vorbe- 
reitung des Einsatzes der Wirbelprothese. 

Diese Einsatze konnen auf beliebige Wiese an den Armen 
der Vorrichtung befestigt sein, etwa auch durch Schwalbenschwanz- 
nut und -feder. Verziclrte-t man auf die anderen Anwendungen und 
will man nur die Wirbelprothese halten, so konnen die in Fig. 18 
und 19 gezeigten Einsatze auch einstuckig mit den Armen verbunden 
sein. Eine Variation dieser Einsatze ist aber vorteilhaft, schon 
wegen der Moglichkeit der Benutzung eines Einsatzes nach Fig. 20. 
Weitere praktische Einsatze konnen benutzt werden, z.B. MeSein- 
satze in Verbindung mit einer Skala zwischen ihnen und derglei- 
chen. 

Die Vorrichtung wird bei der Operation nun wie folgt 
verwendet : 

Der durch die Wirbelprothese zu uberbruckende Abstand 
wird durch Einsetzen der Vorrichtung 35 in die Wirbelsaule, 
Spreizen der Vorrichtung 35 mittels Drehen der Randelschraube 52 
bis die AuSenseiten der Einsatze 38 bzw. 39 an den Stirnflachen 
benachbarter Wirbelkorper anliegen und Ablesen des Abstandes A 
auf der Skalierung 45 f estgestellt . Sodann wird die Vorrichtung 
35 wieder aus der Wirbelsaule entfernt und eine geeignete Wirbel- 
prothese 1 wird anhand des nun bekannten Abstandes A ausgewahlt. 
Es konnen nun mit Einsatzen gemaS Fig. 20 die Locher fur die 
AuBendorne in den angrenzenden Wirbelkorper flachen vorgestochen 
werden. Die Wirbelprothese 1 wird nun in teilweise zusammenge- 
schobenem Zustand mittels der in die (hier als Gewindebohrungen 
ausgef iihrten ) Durchbrechungen 13 der AnschluBstucke 6 eingreif- 
enden Schrauben 42 mit der Vorrichtung 35 verbunden, mittels der 
Vorrichtung 35 in die Wirbelsaule eingebracht und dort bis auf 
die richtige Lange gespreizt. Noch vorteilhaf ter ist es, die 
Wirbelprothese gleich in der gemessenen Lange an die Einsatze zu 
ihrer Halterung zu befestigen. Die Prothese kann somit unter 
geringem Kraf tauf wand sof ort sicher in der Wirbelsaule verankert 
werden. Nach Entfernen der Vorrichtung 35 aus der Operationswunde 
konnen sodann Knochenschrauben durch die Durchbrechungen 13 der 
AnschluBstucke 6 geschraubt werden und die entgxiltige Fixierung 
der Lange vorgenommen werden. 
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Die am meisten bevorzugte Ausfuhrungsform der Wirbelpro- 
these 1 ist jene nach Fig. 7, bei welcher jedoch an Stelle der 
dort angefiihrten flachen Schienen 7 und 8 die konvex gekrummten 
Schienen nach Fig* 8 benutzt werden. Dabei liegt: der* Krttmmungs- 
mittelpunkt dieser Schienen im Mittelpunkt der jeweiligen Stutz- 
platte 4. Die beiden Teile 2 und 3 der Wirbelprothese 1 sind aus 
einem Stuck gedreht und die ebenfalls gedrehten Doppeldorne 10, 
11 sind nachtraglich eingesetzt. 
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PA TENTANSP RUCHE : 

1. Wirbelprothese zum Einsetzen anstelle eines Oder mehrerer 
zerstorter Wirbelkorper, mit zwei Stiitzplatten (4) zur Anlage an 
den Stirnf lachen benachbarter stabiier Wirbelkorper, wobei die 
Stiitzplatten Verankerungsmittel (10) zur Verankerung in diesen 
Wirbelkorpern aufweisen und durch mindestens einen in der Lange 
verstellbaren Abstandhalter (9) verbunden sind, dadurch gekenn- 
zeichnet, daB der Abstandhalter (9) auBermittig beziiglich der 
durch die Mittelpunkte der Stiitzplatten (4) definierten Langs- 
achse der Wirbelprothese (1) angeordnet ist, wobei zwischen den 
Stiitzplatten (4) ein freier Auf nahmeraum zur Aufnahme eines Im- 
plantats (32) aus naturlichem und/oder klinstlichem Material be- 
lassen ist. 

2. Wirbelprothese nach Anspruch 1, dadurch gekennzeichnet, 
daB die Verankerungsmittel (10) Dome sind. 

3. Wirbelprothese nach Anspruch 1 oder 2, dadurch gekenn- 
zeichnet, daB die Stutzplatte (4) mindestens eine Durchbrechung 
(12) auf waist. 

4. Wirbelprothese nach Anspruch 3, dadurch gekennzeichnet, 
daB die Durchbrechung (12) kreisrund ausgebildet ist. 

5. Wirbelprothese nach einem der Anspruche 1 bis 4, dadurch 
gekennzeichnet, daB in ungefahrer Fortsetzung des auBermittigen 
Abstandhalters (9) AnschluBstiicke (6), die mindestens eine Durch- 
brechung (13) fur eine in den angrenzenden Wirbelkorper seitlich 
eindringende Knochenschraube (33) aufweisen, mit den Stiitzplatten 
(4) verbunden sind. 

6. wirbelprothese nach Anspruch 5, dadurch gekennzeichnet, 
daB die AnschluBstucke (6) gegenuber dem Abstandhalter (9) nach 
auBen versetzt und mit den Stiitzplatten (4) liber Verbindungsab- 
schnitte (5) verbunden sind. 

7. wirbelprothese nach einem der Anspruche 1 bis 4, dadurch 
gekennzeichnet, daB AnschluBstucke (6), die mindestens eine 
Durchbrechung (13) fur eine in den angrenzenden Wirbelkorper 
seitlich eindringende Knochenschraube (33) aufweisen, auf der dem 
Abstandhalter (9) gegenuberliegenden Seite der Stiitzplatten (4) 
mit den Stiitzplatten (4) verbunden sind. 

8. Wirbelprothese nach einem der Anspruche 5 bis 7, dadurch 
gekennzeichnet, daB die AnschluBstucke (6) je zwei auBermittig 
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angeordnete Durchbrechungen (13) fur zwei in den angrenzenden 
Wirbelktfrper seitlich eindringende Knochenschrauben (33) aufwei- 
sen. 

9. Wirbelprothese nach einem der Anspruche 1 bis 8, dadurch 
gekennzeichnet, daS an den Stutzplatten (4) in den Aufnahmeraum 
gerichtete Dome (11) zur Verankerung des Implantats (32) vorge- 
sehen sind. 

10. Wirbelprothese nach Anspruch 9, dadurch gekennzeichnet, 
daB die Dorne (11) in Fortsetzung von zur Verankerung an den 
benachbarten stabilen Wirbelkorpern vorgesehenen Dornen (10) 
angeordnet sind. 

11. Wirbelprothese nach Anspruch 9 oder 10, dadurch gekenn- 
zeichnet, daB die Dome (10, 11) radial auBerhalb von Durch- 
brechungen (12) der Stutzplatten (4) angeordnet sind. 

12. Wirbelprothese nach einem der Anspruche 9 bis 11, dadurch 
gekennzeichnet, daB die Dorne (10, 11) eine Lange von 3 bis 50 mm 
aufweisen. 

13. Wirbelprothese nach einem der Anspruche 1 bis 12, dadurch 
gekennzeichnet, daB die Stutzplatten (4) kreisformig oder sechs- 
eckig ausgebildet sind. 

14. Wirbelprothese nach einem der Anspruche 1 bis 13, dadurch 
gekennzeichnet, daB der auBermittige Abstandhalter (9) ratschen- 
artig langenverstellbar ist. 

15. Wirbelprothese nach einem der Anspruche 1 bis 14, dadurch 
gekennzeichnet, daB der auBermittige Abstandhalter (9) durch zwei 
miteinander losbar verbundene Schienen (7, 8) gebildet ist, die 
je mit einer Stutzplatte (4) fest verbunden sind. 

16. Wirbelprothese nach Anspruch 15, dadurch gekennzeichnet, 
daB zumindest eine der Schienen (7 bzw. 8) eine Fiihrung (31, 31a, 
31b) fur die Langsverschiebung der anderen Schiene (8 bzw. 7) 
auf weist . 

17. Wirbelprothese nach Anspruch 16, dadurch gekennzeichnet, 
daB die Fiihrung (31a, 31b) im den Stutzplatten (4) gegenuber- 
liegenden Endbereich der Schienen (7 bzw. 8) vorgesehen ist. 

18. Wirbelprothese nach Anspruch 16 oder 17, dadurch gekenn- 
zeichnet, daB die Fuhrung (31a) durch einen die andere Schiene (8 
bzw. 7) uberspannenden Bugel (31b) gebildet ist. 

19. Wirbelprothese nach Anspruch 16 oder 17, dadurch gekenn- 
zeichnet, daB die Fuhrung (31) dadurch gebildet ist, daB die eine 
Schiene (7 bzw. 8) mit den LSngsrSndern wenigstens auf einem Teil 
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ihrer Lange flanschartig umgebogen oder abgewinkelt ist. 

20. wirbelprothese nach einem der Anspruche 15 bis 19, da- 
durch gekennzeichnet, daB die Schienen (7, 8) des Abstandhalters 
(9) in einem Schnitt quer zur Langsachse der Wirbelprothese (1) 
in Bezug auf diese Achse konvex gekriimmt sind. 

21. wirbelprothese nach Anspruch 20, dadurch gekennzeichnet, 
daB auch die AnschluBstiicke ( 6 ) in einem Schnitt quer zur Langs- 
achse der Wirbelprothese (1) in Bezug -auf diese Achse konvex ge- 
krummt sind. 

22. Wirbelprothese nach einem der Anspruche 15 bis 21, da- 
durch gekennzeichnet, daB die Schienen (7, 8) an den einander 
zugewandten Seiten mit ineinandergreif enden Zahnen (14) versehen 
sind . 

23. Wirbelprothese nach Anspruch 22, dadurch gekennzeichnet, 
daB bei jeder Schiene (7, 8) die Flanken der Zahne (14) auf der 
Seite, die der mit der Schiene fest verbundenen Stlitzplatte (4) 
zugewandt ist, senkrecht sind und auf der Seite, die der anderen 
Stutzplatte (4) zugewandt ist, schrag abf alien. 

24. Wirbelprothese nach Anspruch 22 oder 23, dadurch gekenn- 
zeichnet, daB jede Schiene (7, 8) des Abstandhalters (9) nur in 
den an die beiden Langskanten anschlieSenden Randbereichen (29, 
30) mit Zahnen (14) versehen ist. 

25. Wirbelprothese nach einem der Anspruche 15 bis 24, da- 
durch gekennzeichnet, daB die beiden Schienen (7, 8) mittels 
eines losbaren Bef estigungsmittels, z.B. eines Stiftes oder einer 
Schraube (17), miteinander verbunden sind. 

26. Wirbelprothese nach Anspruch 25, dadurch gekennzeichnet, 
daB alle Telle des Bef estigungsmittels unverlierbar festgehalten 
sind. 

27. Wirbelprothese nach Anspruch 25 oder 26, dadurch gekenn- 
zeichnet, daB die Schienen (7, 8) bei loser Schraube (17) durch 
eine unter dem Schraubenkopf angeordnete Feder, z.B. einer Blatt- 
feder (18), federnd aneinandergedriickt werden, die zugleich eine 
Sicherung fur die Schraube (17) bildet. 

28. Wirbelprothese nach einem der Anspruche 25 bis 27, da- 
durch gekennzeichnet, daB in der naher zur Langsachse der Wirbel- 
prothese (1) gelegenen Schiene (7) eine Gewindebohrung (16) zur 
Aufnahme der Verbindungs schraube (17) vorgesehen ist. 

29. Wirbelprothese nach einem der Anspruche 25 bis 28, da- 
durch gekennzeichnet, daB in der weiter von der Langsachse der 
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Wirbelprothese ( 1 ) weg gelegenen Schiene ( 8 ) ein von der Verbin- 
dungsschraube (17) durchsetzter LMngsschlitz (15) vorgesehen ist. 
30 • Wirbelprothese nach einem der Anspruche 15 bis 29, da- 

durch gekennzeichnet, daB der Kopf der Verbindungsschraube (17). 
versenkt vorgesehen 1st. 

31. Wirbelprothese nach einem der Anspruche 15 bis 24, da- 
durch gekennzeichnet, daB die Schienen (7, 8) des Abstandhalters 
(9) federnd zusammengehalten sind. 

32. Wirbelprothese nach Anspruch 31 , dadurch gekennzeichnet, 
daB die Schienen (7, 8) durch eine Oder mehrere sie auBen umgrei- 
fende C-f5rmige Federklammern (21) zusammengehalten sind. 

33. Wirbelprothese nach Anspruch 32, dadurch gekennzeichnet, 
daB zwei Federklammern ( 21 ) an den Langskanten der Schienen vor- 
gesehen sind, die in jeweils an der beziiglich der Langsachse der 
Wirbelprothese ( 1 ) aufieren Flache der SuBeren Schiene ( 8 ) und der 
inneren Flache der inneren Schiene (7) vorgesehene Langsnuten 

( 20 ) eingreif en . 

34. Wirbelprothese nach einem der Anspruche 31 bis 33, da- 
durch gekennzeichnet, daB zwischen den Schienen (7, 8) ein in 
eine an der Innenseite der auBeren Schiene vorgesehene Vertiefung 
( 23 ' ) versenkbares, in ausgef ahrener Stellung quer zur Vertiefung 
(23 ? ) einstellbares f ederbelastetes Distanzstlick (26) vorgesehen 
ist . 

35. Wirbelprothese nach Anspruch 34, dadurch gekennzeichnet, 
daB das Distanzstlick (26) durch den Steg (25) eines T-formigen 
Einsatzes gebildet ist, dessen Schenkel (27) durch eine in der 
auBeren Schiene vorgesehenen Bohrung (24) nach auBen hindurch- 
ragt. 

36. Wirbelprothese nach einem der Anspruche 1 bis 35, dadurch 
gekennzeichnet, daB senkrecht von den Stiitzplatten (4) aufeinan- 
der zu gerichtete und vorzugsweise aneinander anschlieBende Wande 
(4 1 , 4") zur mindestens teilweisen Begrenzung des zwischen den 
Stiitzplatten (4) vorgesehenen Auf nahmeraumes vorgesehen sind, 
wobei eine Wand auch von einer Schiene (7, 8) gebildet sein kann. 

37. Wirbelprothese nach einem der Anspruche 15 bis 36, da- 
durch gekennzeichnet, daB je eine Sttitzplatte (4) mit der mit ihr 
fest verbundenen Schiene (7 bzw. 8) und dem AnschluBstiick (6) 
eine integrale Einheit (2 bzw. 3) bildet. 

38. Wirbelprothese nach Anspruch 37, dadurch gekennzeichnet, 
daB die Einheit (2 bzw. 3) aus einem Stuck herausgearbeitet ist. 
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39. Vorrichtung zur Handhabung der Wirbelprothese nach einem 
der Ansprtiche 1 bis 38, urafassend zwei zueinander parallele Arme 
(36, 37) mit Einsatzen (38, 39) als Arbeitsteile , mindestens eine 
Fuhrungseinrichtung (40) und eine Verstelleinrichtung (41), wobei 
die Arme (36, 37) der Vorrichtung durch die Fiihrungseinrichtung 

(40) bei einem Verstellen in einer Ebene parallel zueinander ge- 
fuhrt werden und die Verstelleinrichtung (41) ein kontrolliertes 
Einstellen des Abstandes der beiden Arme (36, 37) zueinander er- 
moglicht . 

40. Vorrichtung nach Anspruch 39, dadurch gekennzeichnet, daB 
die Fiihrungseinrichtung ( 40 ) und die Verstelleinrichtung ( 41 ) 
jeweils durch Stabe und die Verstelleinrichtung (41) dabei durch 
ein Gewinde (44, 44 T ) an einem Stab gebildet wird. 

41. Vorrichtung nach Anspruch 40, dadurch gekennzeichnet, daB 
die Fiihrungseinrichtung (40) durch zwei zueinander parallele 
Stabe zweckmafiigerweise zu beiden Seiten der Verstelleinrichtung 

(41) gebildet wird. 

42. Vorrichtung nach einem der Anspruche 39 bis 41, dadurch 
gekennzeichnet, daB zusatzlich eine MeBeinrichtung (45) zur 
Bestimmung des Abstandes der beiden Arme (36, 37) vorgesehen ist. 

43. Vorrichtung nach einem der Anspruche 39 bis 43 zur Hand- 
habung der Wirbelprothese nach einem der Anspruche 5 bis 38, 
dadurch gekennzeichnet, daB bei Einsatzen (38, 39) zur Befes- 
tigung der Wirbelprothese ( 1 ) diese durch Schrauben ( 42 ) mit den 
Einsatzen (38, 39) verbunden ist, wobei die Schrauben (42) durch 
Bohrungen (43) in den Einsatzen (38, 39) ragen und in Gewinden 
ruhen, die in jeweils einer der Durchbrechung (13) der AnschluS- 
stlicke (6) der Wirbelprothese (1) vorgesehen sind. 

44. Vorrichtung nach einem der Anspruche 39 bis 43 fur Wir- 
belprothesen nach einem der Anspruche 5 bis 38, dadurch gekenn- 
zeichnet, daB bei Einsatzen (38, 39) zur Befestigung der Wirbel- 
prothese (1) die dieser zugewandte Seite der Einsatze (38, 39) an 
die auBere Form der AnschluBstiicke ( 6 ) der Wirbelprothese ( 1 ) 
angepaBt und vorzugsweise die Einsatze (38, 39) an den Armen (36, 
37) unverdrehbar gehalten sind. 
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Fig. 10 
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(54)Titre: PROTHESE DISCALE INTERVERTEBRALE 

(57) Abstract 

Prosthesis comprising two plates (1, 2) secured to 
the corresponding vertebrae (L4, L5), and a ball joint 
linking the plates to one another, its centre of rotation 
(C), in an anterior-posterior plane (OX, OY) being offset 
rearwards in the posterior part of the plates. The ball 
joint with reference to a transversal plane (OX, OZ) is 
located substantially in the middle of the plates, and 
with reference to a vertical plane (OY, OZ) is located un- 
der the plate (1) of the lower vertebra (L5). The prosthe- 
sis also includes an elastic intercalary cushioning ring 

(10) having an opening (10a) for the passage of the joint (3) and being lodged in the space delimited between, the plates and 
around the joint. This positioning of the centre of curvature (C) prevents straining of the articular apophyses during movements 
of the vertebrae, while the elastic ring (1) matches the prosthesis to the physiological lordosis of the vertebral column, cushioning 
the multiple stresses occurring during these movements. 

(57)Abrege 

Cette prothese comprend deux plaques (1,2) fixees aux vertebres correspondantes (L4, L5), et une rotule (3) d'articulation 
des plaques Tune sur l'autre, son centre de rotation (C), dans un plan antero-posterieur (OX, OY) est decale vers l'arriere dans la 
partie posterieure des plaques, dans un plan transversal (OX, OZ) est situe sensiblement au milieu des plaques, et dans un plan 
vertical (OY, OZ) est situe sous la plaque (1) de la vertebre inferieure (L5); cette prothese comporte de plus un anneau intercalaire 
d'amortissement (10), en une matiere souple, perce d'une ouverture (10a) de passage de la rotule (3) et loge dans Tespace delimite 
entre les plaques et autour de la rotule. Ce positionnement du centre de courbure (C) evite de contraindre les apophyses articu- 
laires lors des mouvements des corps vertebraux, tandis que l'anneau souple (10) adapte la prothese a la lordose physiologique du 
rachis lombaire et permet ramortissement des contraintes multiples lors des mouvements. 
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" Prothese discale intervertebrale " 
La presente invention a pour objet une prothese 
discale intervertebrals • 

Comme on le sait, un disgue intervertebral se 
r> presente sous la forme d'une lentille biconvexe attachee 

5 par ses faces aux surfaces articulaires des corps verte- 

braux. II est constitue d'une partie p6riph6rique dure 
(annulus), formee de lamelles fibreuses concentriques , et 
d'une partie centrale (nucleus pulposus), g61atineuse et 
molle, constitu6 de minces faisceaux fibreux s&pares par 
10 des espaces remplis d'un tissu muqueux. Un disque inter- 

vertebral est un element deformable permettant tous les 
mouvements relatifs possibles (6 degres de liberte) mais 
qui limite les amplitudes de ces derniers, notamment en 
torsion , en association avec les ligaments intervertebraux 
15 et les butoirs osseux. Le disque intervertebral est une 

structure visco61astique d' amortissement, qui participe h 
la resistance et d la stabilite du rachis verticalise en 
etat de pesanteur. 

Un disque intervertebral peut subir des alt6ra- 
20 tions pour diverses raisons, notamment vieillissement et 

degen6rescence, pouvant provoquer des hernies discales. 

La degenerescence discale correspond h une 
destruction fonctionnelle puis anatomique du disque, qui 
semble resulter de l'effet des contraintes m6caniques sur 
25 un disque aux structures en voie de desorganisation. La 

degenerescence discale modi fie le comportement mecanique 
du disque et aboutit a une diminution de hauteur de 
l'espace inter soma tique, laquelle entraine une perturba- 
tion de 1' ensemble fonctionnel disque-articulaires. II en 
30 resulte une instabilite susceptible de provoquer des 

consequences cliniques genantes, notamment des lombalgies. 
Ainsi 1 1 instabilite segmentaire entraine un f onctionnement 
anormal des articulaires, induisant une reaction arthrosi- 
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que, source de douleurs et de processus ostSophytiques . 

On a done propose de remplacer le disque deficient 
par un disque artificiel, dont de nombreux types de 
realisations ont 6te envisages. Ainsi certaines protheses s 
5 comportent des articulations ne supprimant aucun degrS de 

liberty, alors que d'autres au contraire negligent totale- 
ment certains mouvements et n'autorisent au maximum qu'un 
degre de liberty. Les auteurs des premidres protheses 
consid6rent que le disque artificiel ne doit en aucune 

10 mani^re imposer un mouvement, que la stability de 1' unite 

fonctionnelle est assur6e par la retention des freins 
ligamentaires restants et qu'une articulation non 
contrainte garantit une liaison os/proth6se durable. 

Les auteurs du second type de proth&se estiment 

15 physiologiquement inutiles certains degr£s de liberty, et 

rfetablissent un degr6 de liberty considferfe comme essen- 
tiel. Ainsi on connait une prothese formant charni&re 
n'autorisant la rotation qu'autour d'un axe transversal. 

Les prothfeses articul6es peuvent Stre extremement 

20 varices et comporter notamment des matferiaux pr6sentant 

une certaine souplesse, ou bien mettre en oeuvre des 
moyens m&caniques tels que des ressorts. 

Toutefois ces r6alisations connues ne donnent pas 
entiSre satisfaction, par exemple parce que les frotte- 

25 ments au niveau de 1 1 articulation restent trop Sieves 

(prothdse d6crite dans le brevet FR 2 659 226), ou parce 
que l'on observe une instability de la prothese en rota- 
tion. De plus, la prothese decrite dans le brevet precite 
ne permet qu'une inclinaison et une flexion extension 

30 limit6e & 10 degr6s dans tous les plans, valeur faible en 

regard de la mobilite naturelle d'une vertebre. 

II est encore actuellement relativement difficile 
de cerner les indications de 1 ' arthroplastie discale, qui 
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est propos6e notamment pour le traitement des lombalgies 
et sciatalgies par instability, des lombo-sciatiques post- 
disectomie , et des spondylolisthesis de grade I. 

En fait, le but de l f implant constitue par la 
5 prothese discale visee par l f invention est triple : 

a) Etre dimensionne pour pouvoir restaurer une hauteur 
normale de l'espace intersomatique. En effet, la deg6ne- 
rescence discale, modifiant le comport ement mdcanique du 

10 disque et aboutissant a une diminution de hauteur de 

l'espace inter somatique, entraine une perturbation de 
1 ! ensemble fonctionnel disque-articulaires. Cette dimi- 
nution de hauteur provoque une surcharge m&canique sur les 
facettes articulaires, arthrogene et source possible de 

15 . lombalgie. Elle peut entrainer un displacement vers le haut 
et en avant de 1 f articulaire sup£rieur de la vertebre 
inf6rieure, aboutissant & un r6tr6cissement du trou de 
conjugaison, cause possible de sciatalgie. 

b) Autoriser une mobility physiologique entre les deux 
20 vert&bres instrumentfees . 

L* instability peut ytre consecutive & la d6g6ne- 
rescence discale ou induite par la chirurgie. Les limites 
entre mobility normale et anormale ne sont pas encore 
definies avec precision. L ? instability segmentaire en- 
25 traine un f onctionnement anormal des articulaires, indui- 

sant comme d6JA indiqu6 une reaction arthrosique. 

c) Poss6der une stability intrinseque et autoriser un 
mouvement intersomatique . 

L ' arthroplastie s'adresse a des cas ou jusqu'S 
30 present une arthroddse est indiquee. Elle peut ytre une 

alternative int6ressante a cette intervention, non denude 
de consequences sur les etages adjacents. En effet, toutes 
les arthrodeses lombaires entrainent dans les segments 
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adjacents une augmentation des contraintes et un deplace- 
ment des centres de rotation, pouvant conduire a une 
hypermobilite . 

Le suivi a long terme des zones adjacentes aux 
5 arthrodeses montre un pincement discal constant & partir 

de la quinzieme ann6e, et surtout un glissement ou un 
deplacement angulaire dont la frequence augmente avec le 
recul. On peut aussi observer une arthrose importante, une 
hernie discale ou une spondylolyse acguise de cette 

10 n6ocharni6re . 

La prothdse discale vis6e par 1 ' invention comprend 
deux plagues §quip6es de moyens de fixation aux vertebres 
correspondantes , ainsi gu'un dispositif d ' articulation des 
plagues 1 1 une sur 1 1 autre • 

15 Conform6ment & 1' invention, le dispositif d' ar- 

ticulation est une rotule dont le centre de rotation, dans 
un plan ant6ro-post6rieur est d6cal6 vers 1 ' arriere dans 
la partie post6rieure des plagues et du corps vertebral, 
dans un plan transversal est situ& sensiblement au milieu 

20 des plaques et du corps vertebral, et dans un plan verti- 

cal est situ6 sous la plague de la vertebre inferieure ; 
cette proth&se comporte de plus un anneau intercalaire 
d' amort i s semen t, r6alis6 en une matiere souple, perc6 
d'une ouverture de passage de la rotule et dimensionne 

25 pour se loger dans l'espace d61imit6 entre les plagues et 

autour de la rotule en 6pousant sensiblement le contour 
des plaques. 

Le positionnement du centre de courbure de la 
rotule tel que d6fini selon 1* invention prfesente I'avan- 
30 tage d f 6viter de contraindre les apophyses articulaires, 

comme dans les vertebres naturelles, ce qui n'avait pas 
ete jusqu'a present obtenu avec les protheses connues. 

De plus la prothese selon 1 1 invention possede tout 



WO 94/04100 



PCT/FR93/00825 



a la fois la resistance mecanique necessaire et des 
frottements rfeduits au niveau de 1 'articulation, grace au 
dimensionnement appropri6 du systeme a rotule. En effet le 
centre de rotation n'est ni trop 61oign6 de l'articula- 
5 tion, ni trop proche de celle-ci, et permet ainsi de 

reproduire une mobility proche de la mobilite natureile. 

D'autres particularity et avantages de 1' inven- 
tion apparaitront au cours de la description qui va 
suivre, faite en reference aux dessins annexfes qui en 
10 illustrent une forme de realisation a titre d'exemple non 

limitatif . 

La figure 1 est une vue en perspective 6clatee 
d'une paire de vertfebres equipees des elements constitu- 
tifs d'une proth^se discale selon une forme de realisation 
15 de 1' invent ion. 

La figure 2 est une vue de dessus de la plaque 
inf6rieure de la prothgse discale de la Fig.l. 

La figure 3 est une vue en coupe longitudinale 
suivant 3/3 de la Fig. 2 de la prothSse selon 1' invent ion 
dans une position oil les deux plaques sont paralleles. 

La figure 4 est une vue en 616vation de la 
proth^se des Fig.l a 3 dans une position ou les deux 
plaques sont inclin&es l'une par rapport A 1" autre. 

La figure 5 est une vue en coupe longitudinale 
suivant 5-5 de la Fig. 6 d'une seconde forme de realisation 
de 1' invent ion. 

La figure 6 est une vue de dessus de la proth&se 
de la Fig. 5. 

La figure 7 est une vue en elevation longitudinale 
de la prothdse des Fig. 5 et 6 avec ses plaques paralleles. 

La figure 8 est une vue similaire a la Fig. 7 avec 
les plaques formant un angle entre elles. 

Les figures 9, 10, 11 et 12 sont des vues en pers- 
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pective de quatre variantes d ! execution de la prothese 
selon l f invention. 

On voit a la Fig.l deux vertebres adjacentes, par 
exemple les vertebres lombaires L5 et L4, pouvant etre 
5 reliees par une prothese discale. Cette prothese comprend 

deux plaques 1 et 2, fixees respect ivement & la vertebre 
inferieure L5 et & la vertebre super ieure L4, une articu- 
lation a rotule 3 des deux plaques 1 et 2 l'une sur 
I 1 autre, et un anneau souple 10 d 1 amort issement intercal6 

10 entre les deux plaques 1 et 2 et traversfe par la rotule 3. 

Les plaques l f 2 sont similaires, ont des dimen- 
sions sensiblement 6gales a celles des vertebres L5, L4 
(ces vertebres pouvant etre situees & d'autres Stages que 
L5-L4, y compris des Stages non lombaires) et 6pousent 

15 approximat ivement le contour des surfaces articulaires 

associees. Chaque plaque 1, 2 pr6sente ainsi un bord 
curviligne 4, sensiblement elliptique ou ovale, et un bord 
rectiligne 5, destind d 6tre contigu au canal rachidien, 
reliant les deux extr6mit6s tronqu6es de 1' ellipse 4- 

20 D 1 autre part chaque plaque 1, 2 est perc&e, dans sa partie 

centrale, d'un trou traversant 6 dans lequel est ins6r6e 
une pastille 7, 8 respective, ayant un corps dimensionne 
pour pouvoir s* engager dans le trou 6 correspondant. Ce 
dernier peut 6tre avantageusement conique, de meme que les 

25 bases complfementaires des pastilles 7, 8, qui peuvent 

ainsi 6tre solidaris&es de mani^re amovible avec les 
plaques ou plateaux correspondant 1, 2. 

Les pastilles 7, 8 constituent ensemble l 1 ar- 
ticulation 3 k rotule. La premiere pastille 7, inseree 

30 dans la plaque inf6rieure 1, presente une surface sphe- 

rique convexe 9, situee en saillie par rapport a la face 
correspondante de la plaque 1, tandis que sa surface 
oppos£e 11, plane, affleure la face opposee, tournee vers 
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l'exterieur de la plaque 1. La pastille 8 de la plaque 
superieure 2 fait egalement saillie de sa face tournee 
vers la plaque 1, et presente une surface sphdrique 
concave 12. Le rayon de courbure de cette derniere est 
5 egal a celui (r) de la surface sph6rique 9, afin de 

pouvoir glisser sur celle-ci en formant une articulation 
a rotule. La face oppos6e 13 de la pastille 8 est plane et 
affleure la face extdrieure de la plaque 2. 

Le centre de courbure ou de rotation C de la 
10 rotule 3, distant des surfaces 9 et 12 du rayon de cour- 

bure £, est localise de la maniere suivante : 

- ce centre C est, dans un plan ant6ro-posterieur 
(OX, OY), d6cale vers l'arriere dans la par tie posterieure 
des plaques 1, 2 et des corps vertebraux; 

15 ~ dan s un plan transversal (OX, OZ), le centre de 

rotation C est situ6 sensiblement au milieu des plaques 1, 
2 et des corps vert6braux; 

- et dans un plan vertical (OY, OZ), le centre C 
est situd juste sous la plaque 1 recouvrant la face 

20 superieure de la vertfebre inf6rieure, par exemple L5 dans 

1'exemple illustr6 & la Fig.l. 

Ce positionnement du centre C correspond a un 
rayon de courbure r compris approximativement entre la 
hauteur de la prothfese quand les plaques 1, 2 sont pa- 
25 ralleles, et la moitid de cette hauteur. 

En pratique le centre de rotation C peut etre 
situ6, au-dessous de la surface inferieure SI de la plaque 
1 (Fig.3), 4 une distance dl comprise entre Omm - c f est-a- 
dire etre sur la surface SI elle-meme - et environ 5mm 
30 selon le cas. 

D 1 autre part, le centre de rotation C est place a 
partir du milieu M du cote rectiligne 5 de la plaque 1, 
contigu au canal rachidien , a une distance du cote 5 
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comprise entre environ 1/3 et la moitie de la largeur L de 
la plaque 1 a partir du milieu M : sur la Fig. 3 le centre 
C est done situe sensiblement entre la distance d2 « 1/3. L 
et la distance d3 = 1/2. L. 
5 A titre d'exemple numerique non limitatif d2=4mm, 

d3=10mm et L=20mm, de sorte que C se trouve dans une zone 
de 6mm de largeur environ. 

La prothese comporte de plus un anneau interca- 
laire d f amortissement 10, realist en une matidre souple 

10 appropriee, perc6 d'une ouverture 10a de passage de la 

rotule 3. L ' anneau souple 10 est dimensionnfe pour pouvoir 
etre loge dans I'espace intercalaire dfelimit6 entre les 
plaques 1, 2 et autour de la rotule 3, en 6pousant sensi- 
blement le contour des plaques. 

15 A l'6tat libre non comprint (Fig.l), 1' anneau 

souple 10 a une epaisseur variable de sa partie ant6rieure 
a sa partie post6rieure. Sa partie ant6rieure a une 
epaisseur maximum H, qui d6cro£t r6guli6rement, de part et 
d' autre du centre du bord de cette partie ant6rieure, jus- 

20 qu'a la partie post6rieure de 1' anneau 10, dont l f Epais- 

seur h est ainsi nettement inf&rieure a H. L 1 anneau 10 se 
presente done sous la forme d'une pifece asym£trique dont 
les faces oppos6es sont inclin6es 1 ' une par rapport a 
1' autre, en se rapprochant vers la partie posterieure. 

25 Chaque plaque 1, 2 comporte, sur sa face de 

laquelle fait saillie la pastille correspondante 7, 8, une 
sur6paisseur annulaire centrale 14, 15. Cette derniere est 
contiguS & la pastille associee 7, 8 qu'elle entoure en 
formant un renfort, venu de matiere avec le reste de la 

30 plaque. De preference, comme represents, les renforts 14 

et 15 ont une surface conique, dont I 1 epaisseur decroit a 
partir de la pastille 7, 8. 

Dans chaque plaque 1, 2 sont menages un ensemble 
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de trous 16, convenablement r6partis le long des bords de 
la plaque. Ces trous 16 sont agenc&s pour recevoir des 
picots 17, fixes dans la plaque 1, 2 par tout moyen 
convenable, tel que vlssage de leur base cylindrique 17a. 
5 Leurs pointes 17b, impact6es dans l'os sous-chondral des 

plateaux vertebraux, assurent la fixation des plaques 1, 
2 aux vertebres telles que L5 L4, L5... 

Les pastilles 7, 8 formant 1 1 articulation en 
rotule 3 sont de faibles dimensions par rapport & celles 

10 des plaques 1, 2, et sont de manidre gen&rale choisies en 

un mat6riau pr6sentant les meilleures caract6ristiques 
tribologiques possibles ( caractferistiques m6caniques : 
statiques, dynamiques et resistance a l'usure), et bien 
entendu biostable. Leur coefficient de frottement doit 

15 etre faible et leur dur&e de vie, ainsi que celle des 

plaques 1 , 2 , tr6s 61ev6e ( par exemple 40 ans ) . 

Ces pastilles 7, 8 peuvent fetre r6alis6es en un 
mat6riau appropri6 tel qu'une c6ramique notamment un oxyde 

20 frittfe tel qu f alumine ou zircone, une pierre de synthase, 

un alliage m&tallique avec traitement de surface (d6p6t de 
diamant etc). 

L'anneau souple 10 d 1 amortissement est, de 
preference, avantageusement const itue en un 61astomere de 

25 duretfe appropri6e. 

Les plateaux 1, 2 sont pr6vus en nombre standard, 
adapt&s h tous les morphotypes possibles des corps verte- 
braux. Les rotules 3 sont par contre en nombre super ieur, 
adaptees & la morphologie de chaque individu et de chaque 

30 &tage vertebral. On peut ainsi r6aliser une gamme de 

pieces (plaques 1, 2, rotules 3, anneaux souples 10) 
adaptees a toutes les hauteurs discales des patients et 
permettant des combinaisons en nombre infini, adaptees & 



WO 94/04100 



PCT/FR93/00825 



10 

chaque cas particulier. 

Outre les avantages techniques d6ja mentionnes, la 
prothese discale selon 1 f invention presente les avantages 
suivants . 

Grace au dimensionnement appropri6 de la rotule 3 
et a la position de son centre d f articulation C, dfefinis 
ci-dessus, les surfaces en frottement sont r6duites et le 
frottement provoqu6 par le basculement des plaques 1, 2 
l f une par rapport k l 1 autre (Fig. 4) reste faible. II en 
resulte une usure reduite des pastilles 7, 8. Par ailleurs 
les surfaces 9, 12 de 1 1 articulation ont cependant un 
rayon de courbure suffisant pour ne pas entrainer une 
instability excessive de la prothese, tout en lui assurant 
une mobilite tridimensionnelle convenable, pratiquement 
identique & celle des vertebres naturelles. 

Durant les mouvements tridimensionnels des plaques 
1, 2 et des vertdbres correspondantes , l'anneau souple 10 
assure une fonction d 1 amort issement des contraintes 
multiples qui limite les mouvements, les faces oppos&es de 
l'anneau 10 restant tou jours en contact avec les faces 
correspondantes des plaques 1. La variation de la hauteur, 
ou de l'&paisseur de l'anneau 10 de l'avant vers 1 ' arriere 
presente l'avantage de 1' adapter a la lordose physiologic 
que du rachis lombaire. Le rapport H/h s'adapte ainsi a la 
statique rachidienne de profil, en fonction de I'^tage 
discal concerns. L ' inclinaison des faces de l'anneau 10 
I'une sur 1' autre peut varier en fonction de l f 6tage et de 
la morphologie du patient. A titre d'exemple elle peut 
atteindre 15° en L5/S1. 

II convient par ailleurs d 1 observer que le fait 
que l'epaisseur de la partie anterieure de l'anneau 10 
soit superieure a celle de sa partie posterieure permet 
une mise en jeu plus precoce du mater iau souple consti- 
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tutif de cet anneau. Ceci entraine done la production d ! un 
effet amortisseur des 1 ? apparition d f un mouvement des 
corps vertebraux associ6s a la prothese. D 1 autre part, le 
choix convenable d'un mater iau souple pour 1' anneau 10 , 
5 permet 1 1 obtention d ' une raideur optimale pour reproduire 

les pentes des rotations d'un disque sain dans les diver- 
ses solicitations. Finalement, la prothese selon 1' inven- 
tion permet d'obtenir une raideur et un amortissement tres 
proches ou meme identiques a ceux d'un disque naturel. 

10 La mise en place par le chirurgien de la prothese 

qui vient d'etre d^crite se fait que la maniere suivante. 

Tout d'abord le chirurgien place sur la vertebre 
inferieure, par exemple L5, la plaque correspondante 1, 
la centre convenablement par rapport au corps vertebral, 

15 et la fixe par enfoncement des picots 17 dans la verte- 

bre. 

Ensuite le chirurgien met en place sur la vertebre 
supdrieure, par exemple L4, la plaque sup&rieure 2, en la 
positionnant convenablement par rapport k la plaque 

20 inf6rieure 1. 

Le chirurgien dispose ensuite entre les plaques 1, 
2 un "sandwich" composite constitue par 1' assemblage de 
1' anneau souple 10 et de la rotule 3, form6e par les 
pastilles 7, 8. II place cet assemblage dans la zone 

25 centrale entre les plaques 1, 2, avec les pastilles 7 , 8 

en regard des trous coniques 6, puis relache la distrac- 
tion impos6e j usque 1& aux corps vertebraux recevant les 
plaques 1, 2. II en resulte une impaction qui provoque 
1' entree des bases coniques des pastilles 7, 8 dans les 

30 trous 6, et leur solidarisation a force avec les plaques 

1, 2. 

Les valeurs des amplitudes angulaires des mouve- 
ments possibles avec la prothese selon 1 ' invention sont 
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proches des amplitudes ci-dessous d'un disque sain 

L4/L5 L5/S1 

- Flexion/extension 24° 18° 

- Inclinaison 14° £14° 

- Rotation axiale 4° 4° 



La prothese selon 1' invention garantit par sa 
solidite la restauration de l'espace intersomatique de 

10 hauteur H, tout en pr6sentant une stability intrinseque, 

c"est-&-dire n'autorisant pas une mobility non physiolo- 
gique, surtout en translation. 

Les mat&riaux susceptibles d'etre utilises pour la 
constitution de la prothese sont bien entendu biocom- 

15 patibles et doivent Stre biologiquement neutres, c f est-&- 

dire non toxiques, insensibles & la corrosion. De plus ils 
ne doivent pas fetre pro-inflammatoires, leurs qualit§s 
mecaniques et biologiques ne devant pas Stre alt6r6es par 
le mode de sterilisation choisi. A titre d'exemple les 

20 plaques 1, 2 peuvent 6tre en acier inoxydable, stellite 

titane ou alliage de titane. 

L 1 alliage de titane pr6sente 1 ' avantage de 
possSder des caract6ristiques radiologiques et magn6tiques 
avantageuses pour le suivi iconographique de la pathologie 

25 rachidienne, ainsi qu'une excellente biotolerance et des 

caract6ristiques m&caniques e levees. 

Dans la seconde forme de realisation de 1 ' inven- 
tion, illustrfee aux Fig. 5 a 8, chaque pastille 21 et 22 
est log&e dans une cuvette respective 23 , 24 de reception 

30 form6e dans la plaque support 25, 26 associ6e. Les pastil- 

les 21, 22 font partiellement saillie de leurs cuvettes 
23, 24 de logement, dans lesquelles elles sont montees 
librement, et non a force. Autour de chaque cuvette et de 
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chaque pastille, la surepaisseur annulaire 29, 31 est 
conique et a une hauteur au sommet ill senslblement egale 
a l'epaisseur d de la plaque 25, 26. 

Les pastilles 21, 22 sont coniques, de meme que 
5 leurs cuvettes de reception 23, 24, et ont un angle de 

conicite de 1 & 7° environ, et de preference de 5°. 

Par ailleurs la prothese illustr6e aux Fig. 5 a 8 
est similaire k celle des Fig.l a 4, notamment pour le 
positionnement du centre de rotation C. L'anneau souple 
10 d 1 amortissement 10 n f a toutefois pas 6te represente. 

L ' agencement de cuvettes 23, 24 de reception des 
pastilles 21, 22 dont les dimensions extSrieures corres- 
pondent aux dimensions interieures des cuvettes, dans 
lesquelles elles ne sont pas fixees et dont elles peuvent 
15 etre ais6ment enlev6es si necessaire apr6s un certain 

temps, sans devoir d6solidariser les plaques 25, 26 des 
vertebres et les remplacer, presente un avantage apprecia- 
ble. En effet elle permet d f 6viter aux plaques une flexi- 
bility locale au niveau des trous traversants 6 de la 
20 realisation pr6c6dente, flexibility qui n'est pas souhai- 

table en raison des efforts localises de serrage auxquels 
sont soumis les pastilles. 

Bien entendu celles-ci peuvent en variante etre de 
forme cylindrique, ainsi que les parois des cuvettes 
25 correspondantes . Mais cette geometrie ne facilite pas la 

pose et ult6rieurement la depose eventuelle des pastilles. 
On a en effet constate qu'il pouvait se produire une 
adhesion appreciable des parois des pastilles aux parois 
des cuvettes, de nature a gener leur d6pose. 
30 C'est la raison pour laquelle la legere conicite 

des pastilles 21, 22 et de leurs cuvettes 23, 24 a et6 
avantageusement prevue, car elle evite cet inconvenient. 

Les efforts exerces par le corps du patient sur 
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les plaques 25 , 26 sont reduits du fait de la presence des 
fonds 27 , 28 , d'6paisseur £ suffisante, par exemple les 
3/4 de l'epaisseur d de chaque plaque ou meme cete valeur 
£. Ainsi les plaques ne presentent aucune faiblesse 
5 mecanique locale & la flexion. 

Le renfort ou surepaisseur annulaire 29, 31 de 
chaque plaque 25, 26 accrolt par ailleurs la surface des 
faces en contact entre les parois coniques des cuvettes 
23, 24 et des pastilles 21, 22, grace & 1 ' augmentation de 

10 leur hauteur par rapport aux sur6paisseurs 14, 15 de la 

realisation pr6c6dente. Cette augmentation est en effet 
necessitate par 1 ' am6nagement des fonds 27, 28. 

Une telle disposition permet de r6aliser une 
prothese dont la hauteur totale peut etre adaptee a la 

15 hauteur d6sir6e par le chirurgien, apres consultation des 

radiographics du syst6me rachidien local de l'op6r6. 

Pour obtenir la hauteur totale k confferer a la 
prothese, le chirurgien dispose d'un jeu de plusieurs 
rotules 21, 22 dont la hauteur est pr ogres si vement crois- 

20 sante, par exemple 11, 13 et 15 centimetres. Pour chacun 

de ces jeux, le rayon de courbure des faces en contact 9, 
12 formant la rotule est adapte pour qu'il soit compris 
approximativement entre la hauteur HI de la prothese 
lorsque les plaques 25 , 2 6 sont paralleles entre elles 

25 (comme representees a la Fig.7), et la moitie de cette 

hauteur . 

La Fig. 8 illustre la position respective des 
plaques 25, 26 dans leur ouverture angulaire maximum A, 
par exemple 32° environ. 
30 Les Fig. 9 a 12 illustrent diverses variantes de 

realisation possibles des raoyens de fixation des plaques 
ou plateaux aux corps vertebraux, en remplacement des 
picots 17. Ainsi la Fig. 9 montre des plateaux 32, 33 dont 
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la surface 34 tournfee vers les vertebres est moletee, la 
Fig. 10 montre des plateaux 35 , 36 a surface ondulee 37, la 
Fig. 11 montre des plateaux 38 , 39 comportant des surfaces 
bombees 41. 

5 La Fig. 12 montre des plateaux 42, 43 dont les 

surfaces 44 d'appui aux corps vert6braux ont subi un 
traitement adapts : fixation d'un tissu m6tallique de 
maniere connue en soi, projection d'un m&tal ou d'une 
ceramique, ou revetement de collage. 
10 „ Ce traitement de surface peut du reste etre 

combing aux variantes des Fig. 9 a 11 pour etre applique 
aux surfaces 34, 37, 41. 

Les picots 17 peuvent aussi etre remplac6s par des 
vis ou plots. 

15 En revanche, la fixation par ciment (m6thylm6tha- 

crylate) n'est pas envisageable, compte tenu de la proxi- 
mity des &l&ments nerveux et du d£gagement de chaleur lors 
de la polymerisation. Pour des Stages non lombaires, 
1 ' anneau souple 10 peut ne pas presenter l'asym6trie 

20 d6crite et done avoir une 6paisseur uniforme. 

II convient d f observer que la prothdse discale 
selon 1' invention ne comporte pas de piece libre, con- 
trairement k certaines protheses discales connues. Ceci 
pr6sente 1 1 avantage d ' 61iminer tout risque d f 6 j ection 

25 d'une telle pi6ce libre contre l'aorte ou vers le canal 

rachidien . 
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RE VEND I CAT I ONS 
1. Prothese discale intervertebral, comprenant 
deux plaques (1, 2) 6quipees de moyens de fixation aux 
vertebres correspondantes (L4, L5), et un dispositif (7, 
5 8) d • articulation des plaques l'une sur l 1 autre, carac- 

tferisee en ce que le dispositif d' articulation est une 
rotule ( 3 ) dont le centre de rotation ( C ) , dans un plan 
antero-postferieur (OX, OY) est d6cal6 vers l'arriere dans 
la partie poster ieure des plaques et du corps vertebral, 

10 dans un plan transversal (OX, OZ ) est situ& sensiblement 

au milieu des plaques et du corps vertebral, et dans un 
plan vertical (OY,OZ) est situ6 sous la plaque (1) de la 
vert&bre inf 6rieure ( L5 ) , et en ce que cette prothese 
comporte de plus un anneau intercalaire d f amort is sement 

15 (10), realist en une matifere souple, perc6 d'une ouverture 

(10a) de passage de la rotule (3) et dimensionn& pour se 
loger dans l'espace delimit 6 entre les plaques et autour 
de la rotule en 6pousant sensiblement le contour des 
plaques . 

20 2. Proth6se selon la revendication 1, caract6ris6e 

en ce que 1 ' articulation a rotule (3) est constitute par 
une premiere pastille ( 7 ) a surface sph6rique convexe ( 9 ) 
et une seconde pastille ( 8 ) & surface sph&rique concave 
(12) recevant la surface sphdrique convexe, ces deux 

25 surfaces sphferiques ayant le meme rayon de courbure (r) et 

les pastilles 6tant montdes dans les parties centrales des 
plaques respectives (1, 2), sur les faces en vis-&-vis 
desquelles elles font saillie. 

3. Prothese selon la revendication 2, caracttrisee 

30 en ce que, chaque plaque (1, 2 ; 25,26) ayant un cot 6 

rectiligne (5) destint a etre positionne pr6s du canal 
rachidien et un contour (4) complementaire sensiblement 
ovale, ou elliptique, la pastille (7; 22) & surface 
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spheriqu convexe (9) est montee dans la plaque (1; 26) de 
la vertebre inf6rieure et son centre de rotation (C) est 
situe, & partir du milieu (M) du cot6 rectiligne de la 
plaque contigu au canal rachidien, a une distance dudit 
5 cot6 comprise entre environ un tiers (d2) et la moiti6 

(d3) de la largeur (L) de la plaque a partir dudit milieu 
et sous la plaque de la vertebre inf6rieure, le centre de 
rotation est situe a une distance (dl) de la plaque 
comprise entre 0 et environ 5mm. 

10 4. Prothese selon la revendication 2 ou 3, 

caracterisSe en ce que chaque plaque (1,2; 25,26) compor- 
te, sur la face de laquelle fait saillie la pastille (7, 
8; 21,22), une surepaisseur annulaire centrale (14,15; 
29,31), contiguS a la pastille qu'elle entoure en formant 

15 renfort. 

5. Proth6se selon la revendication 4, caract&ris&e 
en ce que le renfort (14,15; 29,31) a une surface conique, 
dont l'&paisseur (hi) d6croit a partir de la pastille (7, 
8). 

20 6. Proth6se selon I'une des revendications 2 & 5, 

caract£ris6e en ce que les pastilles (7,8; 21,22) ont une 
base conique adapt&e & des trous coniques conjugues 
m&nag&s dans les plaques (1,2; 25,26). 

7. Prothese selon l'une des revendications 1 a 6, 
25 caract6ris6e en ce que les moyens de fixation des plaques 

(1,2; 25,26...) aux vert6bres (L5, L4) comprennent des 
picots coniques (17) viss&s dans des trous (16) formes 
dans les plaques et convenablement repartis sur celles-ci, 
ou un moletage (34), ou une surface ondul6e (37), ou une 
30 surface bomb£e (41). 

8. Prothese selon l'une quelconque des revendica- 
tions 1 S 7, caracterise en ce que la fixation des plaques 
(42, 43) aux vertebres est assuree par un tissu metallique 
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(44), un m6tal ou une c^ramique projet6(e) sur la surface 
de la plaque en regard de la vert6bre, ou par collage , ou 
encore par combinaison de l'un de ces moyens avec, soit 
une surface molet6e (34) ou ondulee (37) ou bomb6e (41). 
5 9. Prothese selon I 1 une des revendications 1 a 8, 

caract^risee en ce que les plaques (1,2; 25,26 ) ont des 

dimensions identiques et sensiblement 6gales a celles 
d'une vert6bre, notanunent lombaire. 

10. Proth&se selon l'une des revendications 1 S 9, 
10 caract6risfee en ce que l'anneau souple (10) d'amortisse- 

ment a une partie ant6rieure d'6paisseur maximum (H), 
sup^rieure a celle (h) de sa partie post6rieure, ladite 
epaisseur (H) d6croissant reguli6rement du centre du bord 
de la partie ant6rieure & la partie post6rieure, et les 
15 faces oppos&es de l'anneau (10), & l'6tat non comprint, 

sont corrfelativement inclin6es l'une par rapport & l f au- 
tre. 

11. Proth&se selon l'une des revendications 1 & 
10 , caract6ris6e en ce que les pastilles (7,8; 21,22) de 

20 la rotule (3) sont r&alis6es en l'un des mat6riaux sui- 

vants: cferamique notanunent oxyde fritt6 tel qu'alumine ou 
zircone, pierre de synthese, alliage m6tallique avec 
traitement de surface. 

12. Prothese selon l'une des revendications 1 a 
25 11, caract6ris6e en ce que l'anneau souple (10) est en 

&lastom&re de duret& appropriee. 

13. Prothese selon l'une des revendications 2 & 
12, caract6ris6e en ce que chaque pastille (21, 22) est 
log6e dans une cuvette (23, 24) de reception form6e dans 

30 la plaque support (25, 26) dont elle fait partiellement 

saillie et dans laquelle elle est mont6e librement. 
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eliminates the need to maintain a large and costly inventory of screws, and neurosurgeons can learn to use it quickly and easily. 
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FUSION STABILIZATION CHAMBER 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of neurosurgery, and pro- 
vides a device which facilitates the implantation of bone into the spine 
following removal of vertebrae, and which also facilitates the fusion of 
the implanted bone with the surrounding bone. The invention also in- 
cludes a method of performing spinal surgery, and in particular, of 
stabilizing the spine following removal of one or more vertebrae. 

Cancer or trauma or degenerative changes can cause parts of the 
human vertebrae to develop outgrowths or ridges that can touch the spinal 
cord and cause pain and/or paralysis. Neurosurgeons have developed means 
of treating such conditions, by removing part of the vertebrae, and, 
where appropriate, replacing the removed bone with something else. The 
removal of all or part of a vertebra is called a "corpectomy" or a "ver- 
tebrectomy". In some cases, one can replace the bone removed by corpec- 
tomy with bone taken from another site on the body of the patient; in 
other cases, one can obtain bone from a "bone bank". Given the right 
conditions, the new bone material will fuse to the bone surrounding the 
corpectomy site, and can become for practical purposes a part of the 
patient's body. To achieve the desired fusion, one must stabilize the 
spine so that the bone has time to fuse. The fusion process can take 
from six weeks to six months. 

In performing spinal surgery, one can approach the spine either from 
the front (anterior) or rear (posterior) sides. The posterior approach 
has the disadvantage that since the vertebrae lie on the anterior side of 
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the spinal cord, the surgeon must navigate past the spinal cord before 
reaching the vertebrae, and must take special care not to disturb the 
spinal cord. Conversely, with the anterior approach, the surgeon does 
not encounter the spinal cord while en route to the vertebrae. The pres- 
ent invention concerns the anterior approach. 

The prior art contains many systems for stabilizing various parts of 
the spine following surgery. The development of such systems has made it 
possible to treat certain lesions of the spine aggressively, instead of 
simply immobilizing them in a brace. The typical external immobilizing 
device of the prior art comprises the halo vest. The typical internal 
immobilizing device comprises the Caspar plate, described below. 

The Caspar plate system, named after Dr. Wolfhard Caspar, comprises 
a means for stabilizing the spine after anterior spinal surgery. The 
Caspar system includes a set of plates which one attaches to the remain- 
ing vertebrae surrounding the corpectomy site. In the Caspar procedure, 
one screws a plate directly onto the spine, the screws approaching within 
about one or two millimeters of the spinal cord. The Caspar system pro- 
vides immediate stabilization of the spine following a corpectomy, and in 
other cases where the spine has become unstable following an accident. 
The Caspar system also eliminates the need for wearing the very cumber- 
some halo vest, and eliminates the need to undergo a separate surgical 
procedure from the rear. 

However, the Caspar system also has disadvantages. It requires a 
large inventory of expensive equipment, including screws and plates of 
all sizes. The latter expense can represent a formidable obstacle to 
many medical institutions. Also, one needs to insert the screws through 
the spine, engaging the posterior cortex. Although one can monitor the 
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position of the screws with an appropriate real-time viewing apparatus, 
the procedure carries the potential risk of spinal cord injury or lacera- 
tion of the vertebral artery. When a competent surgeon performs the pro- 
cedure, these complications rarely occur, but other complications such as 
loosening of the screws and persistent instability may develop. More- 
over, the difficulty of the procedure discourages many surgeons from even 
attempting the anterior plating procedure. 

The Synthes cervical spine locking plate constitutes another 
anterior plating system of the prior art. In the Synthes system, one 
inserts a second screw into the head of the anchor screw, thus creating a 
second affixation of the plate to the vertebrae. Many regard the Synthes 
system as easier, safer, and faster to use than the Caspar plate system, 
because the anchor screw does not penetrate the posterior cortex and be- 
cause one therefore does not need to monitor the precise position of the 
screw during insertion. However, the Synthes locking plate has less ver- 
satility than the Caspar plate, as it provides the ability to fuse only 
two to three levels of the cervical spine. 

Both the Caspar and Synthes systems also have the disadvantage that 
they do not work well in patients with osteoporosis, rheumatoid 
arthritis, ankylosing spondylitis, and other conditions of poor bone 
growth or metabolic bone disease. 

Both the Caspar and Synthes systems have additional disadvantages 
inherent with the use of screws. First, as mentioned above, screws do 
become loose. If one uses the screws as the primary means of affixing 
the stabilizing device to the spine of the patient, loosening of the 
screws represents a major problem. Moreover, the use of screws presents 
a technical challenge to the surgeon. Correct screw placement requires 
experience, as well as a large inventory of expensive equipment, as well 
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as imaging devices for monitoring the position of such screws. Also, 
with screw-based systems of the prior art, the surgeon must create a 
large opening in the patient, so as to view the screw along its shaft. 
Such an opening creates additional risks to the patient, such as the risk 
of injury to vascular structure and to nearby nerves. 

In addition to the problem of how to stabilize the spine immediately 
after performing a corpectomy, vertebral surgery poses problems relating 
to the replacement of the removed bone. Some systems of the prior art 
require the use of a bone strut to replace the diseased bone segments 
removed in surgery. This bone grafting material costs a great deal, and 
sometimes one cannot obtain enough material when performing multiple ver- 
tebrectomies. Furthermore, bone graft material, usually taken from 
cadavers, has typically been sterilized by radiation, a process believed 
to weaken or destroy the strength and osteoconductive properties of bone. 
While it is possible to use other means of sterilization, such as 
ethylene oxide or freeze drying, it usually turns out that the best bone 
graft material comes from the patient, because the patients own bone 
will likely fuse more rapidly than bone obtained elsewhere. Unfortunate- 
ly, harvesting such bone consumes substantial time, involves substantial 
pain to the patient, and presents other risks, such as risk of infection 
at the harvest site, hemorrhage, and peripheral nerve injury. 

The present invention overcomes the disadvantages of the prior art 
systems described above. First, the invention provides a device which 
surgeons can learn to use very easily, and which they can insert without 
intraoperative fluoroscopy or other means of accurately monitoring the 
position of a device within the body. Most neurosurgeons can use the 
device of the present invention with instruments already in their posses- 
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sion. 

Secondly, the invention provides an adjustable device which can fit 
a large range of patients. This feature eliminates the need to keep a 
large inventory of parts in order to accommodate every possible patient. 

Thirdly, the device allows one to use the patient's own cancellous 
bone which one removes during the vertebrectomy, possibly with the addi- 
tion of further cancellous bone material from an external source. In any 
event, the invention reduces or eliminates the need to obtain a pelvic 
bone autograft from the patient. 

The device of the present invention also reduces or eliminates the 
problem of loosening of screws, which can occur with the plating systems 
of the prior art, and which clearly can cause substantial pain and ex- 
pense. 



SUMMARY OF THE INVENTION 

The fusion stabilization chamber of the present invention includes a 
pair of hollow members, both of which may have a rectangular or slightly 
trapezoidal cross-section. One of the hollow members slides within the 
other. Thus, the chamber comprises two telescoping hollow members. Each 
hollow member includes at least one barrel vault at one end, each barrel 
vault comprising threaded means for receiving a screw. The barrel vaults 
are arranged in a mutually oblique manner, such that the screws inserted 
into the vaults also lie along mutually oblique lines. The hollow 
members preferably comprise enclosures defined by four walls formed of a 
metal mesh. The hollow members may also include means for locking the 
members in a desired position relative to each other. 

In using the stabilization chamber described above, the surgeon 
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first removes the diseased portion of vertebra in the usual manner. The 
surgeon measures the length of the corpectomy site (the length of the 
space to be filled), and adjusts the length of the chamber accordingly. 
One may fasten the locking means so that the telescoping chamber main- 
tains its desired position. Then, the surgeon fills the chamber with 
bone material, such as bone chips obtained from the corpectomy operation 
itself, or bone material from other sources, and inserts the chamber into 
the corpectomy site. The surgeon gently taps the device into place, so 
that it fills most of the corpectomy site, i.e. the space formerly oc- 
cupied by the removed vertebra. The chamber does not extend all of the 
way towards the spinal cord, due to the retaining action of a pair of 
stabilizing plates. 

The surgeon then drills holes in the surrounding bone, using the 
barrel vaults as guides for the drill bit. The surgeon then inserts the 
screws through the barrel vaults and fastens them to the bone. Due to 
the orientation of the barrel vaults, the screws lie along mutually 
oblique paths, reducing the likelihood that the device will become dis- 
lodged. 

In an alternative embodiment, one can provide threaded holes in the 
stabilizing plates also, so that additional screws can pass directly 
through the stabilizing plates and into the surrounding bone. 

The present invention therefore has the primary object of providing 
an improved method and apparatus for performing spinal surgery, and in 
particular, for stabilizing the spine following removal of one or more 
vertebrae. 

The invention has the further object of providing a device which 
promotes bone fusion in addition to providing stabilization of the spine. 
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The invention has the further object of simplifying the surgical 
process of stabilizing the spine after performing a corpectomy. 

The invention has the further object of reducing the cost and com- 
plexity of the equipment needed to practice spinal surgery. 

The invention has the further object of reducing the time required 
for a surgeon to learn to stabilize the spine following a corpectomy. 

Persons skilled in the art will recognize other objects and ad- 
vantages of the invention, from a reading of the following brief descrip- 
tion of the drawings, the detailed description of the invention, and the 
appended claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 provides a side elevational view of the fusion stabiliza- 
tion chamber of the present invention. 

Figure 2 shows an end view of the stabilization chamber of the pres- 
ent invention. 

Figure 3 provides a perspective view of the fusion stabilization 
chamber. 

Figure 4 shows a top view of the stabilization chamber. 

Figure 5 provides a diagrammatic view showing the fusion stabiliza- 
tion chamber inserted into a corpectomy site. 

Figure 6 provides a perspective view of an alternative embodiment of 
the invention, wherein additional screws pass directly through the 
stabilizing plates. 
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DETAILED DESCRIPTION OF THE INVENTION 
Figures 1-4 show the physical structure of the fusion stabilization 
chamber of the present invention. The chamber includes first hollow mem- 
ber 1 and second hollow member 3. Both hollow members have a slightly 
trapezoidal cross-section, as illustrated in the end view of Figure 2. 
Figure 2 exaggerates the trapezoidal shape of the cross-section; in prac- 
tice, the width of the member might increase by one millimeter for each 
15 mm of depth, but one could use other dimensions. Thus, by "slightly 
trapezoidal", one means that the members are nearly rectangular in cross- 
section, except for the variation in width described above. The trape- 
zoidal cross-section helps to maintain the chamber in position within the 
corpectomy site. One inserts the narrower portion of the hollow member 
into the body cavity first, with the wider portion oriented towards the 
outside. Thus, the chamber tends to become wedged in its place within 
the corpectomy site; once pushed in, it becomes difficult to pull out. 
Although the preferred embodiment includes the trapezoidal cross-section, 
one can also form the chamber with a perfectly rectangular cross-section, 
within the scope of the invention. 

The first hollow member 1 slides within the second hollow member 3. 
The members 1 and 3 preferably have walls formed of metal mesh 5. One 
prefers walls having openings which permit bone growth from the adjacent 
vertebrae, through the interior of the chamber. However, the walls can 
have a different construction. They can even comprise solid metal, as 
bone can fuse to metal. In the latter case, the chamber could be empty. 

In the preferred embodiment, the chamber has two pairs of barrel 
vaults 7, arranged at the opposite ends of the hollow members. One can 
vary the number of barrel vaults, within the scope of the invention. The 
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barrel vaults comprise threaded cylinders through which screws 9 pass. 
Figure 1 shows that the screws form an angle of about 30° relative to the 
top longitudinal axis of the chamber. Figure 4 shows that the screws 
also form an angle of about 10° relative to the sides of the chamber. 
One can vary these angles; one should not consider the invention limited 
to particular angles. In general, one selects angles which enable the 
screws to pass through the greatest possible thickness of bone, above and 
below the corpectomy site, and to provide an angle which, from the per- 
spective of the surgeon, facilitates insertion of the screws without the 
need to make a larger or additional incision. 

As shown in the Figures, the barrel vaults comprise mutually oblique 
members. The screws become self -locking in the barrel vaults. One can 
also provide an adjustable hexagonal head screwdriver to facilitate 
tightening of the screws from any angle. 

Locking screw 11 holds the first and second hollow members in place. 
The locking screw thus permits adjustment of the size of the chamber. 
One slides the hollow members until the chamber has the desired length, 
and then fixes the selected length by tightening the locking screw. 

Figure 5 provides a diagram of the fusion stabilization chamber in- 
serted into a corpectomy site. The figure shows vertebrae 15, the spaces 
17 between adjacent vertebrae representing intervertebral discs. Each 
vertebra includes an outer bony layer, or cortex 27, which surrounds can- 
cellous material 29 inside. Figure 5 also shows spinal cord 19, and the 
structures adjoining the spinal cord, including the posterior longitudi- 
nal ligament 21, the ligamentum flavum 23, and the posterior spinous pro- 
cesses 25. As shown in the figure, one has removed several vertebrae, 
and has inserted the chamber into the resulting empty space. 

Stabilizing plates 13 extend from both hollow members, as shown in 
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the Figures. The stabilizing plates serve several purposes. First, as 
illustrated in Figure 5, the stabilizing plates keep the chamber at an 
appropriate depth, preventing the chamber from touching spinal cord 19 or 
the ligaments surrounding it. By making the depth of the chamber less 
than the depth of the adjacent vertebrae, one prevents the chamber from 
coming too close to the spinal cord. 

Secondly, the stabilizing plates tend to distribute the bending 
loads experienced by the chamber, and divert part of these loads away 
from the screws. As the vertebrae flex back and forth, the stabilizing 
plates tend to oppose some of the vertebral movement, and absorb some of 
the tension, thereby tending to prevent the screws from loosening or 
breaking. 

Thirdly, the stabilizing plates help to rigidify the joints formed 
between the ends of the chamber and the respective adjacent vertebrae. 
Keeping these joints rigid facilitates the growth of blood vessels from 
the adjacent vertebrae, through the holes in the chamber walls, and into 
the bone material within the chamber. 

Figure 6 shows, in a perspective view, an alternative embodiment 
wherein a third screw passes through a threaded hole in each stabilizing 
plate, in addition to the pair of screws inserted through the associated 
barrel vaults. Figure 6 shows additional screw 10 inserted through the 
stabilizing plate on the right-hand side. The figure does not show the 
corresponding additional screw on the other side, in order to show the 
hole in the stabilizing plate, but in practice a similar additional screw 
10 would normally be provided. However, one should consider each screw 
as optional, since it is possible to affix the chamber to the adjacent 
bone using fewer than all of the available screws. 
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One would use the embodiment of Figure 6 in cases where the bone has 
become weakened. In rare cases, one might even attach the chamber only 
with the stabilizing plate screws, without any barrel vault screws. In 
all of the embodiments wherein one provides a threaded hole in the 
stabilizing plate, the holes should have low "profiles", so that the 
material defining the plate does not project significantly beyond the 
plane of the plate. 

In using the chamber of the present invention, the surgeon begins by 
performing a corpectomy in the conventional manner. Immediately after 
removal of one or more vertebrae, the surgeon measures the length of the 
corpectomy site with calipers, and adjusts the length of the chamber to 
make it conform to the length of the corpectomy site. One adjusts the 
length of the chamber by pulling the hollow members 1 and 3 away from 
each other or pushing them together, as needed. Then one tightens the 
locking screw 11 to fix the length (and thus the volume) of the chamber. 

Next, the surgeon fills the chamber with bone. The bone can com- 
prise bone chips obtained from the vertebrae removed in the corpectomy 
procedure, or it can comprise cancellous bone obtained from another site. 
One might also use a biocompatible osteogenic polymer. 

In a variation of the latter step, the surgeon may place bone chips, 
obtained from the corpectomy, into the chamber, while the corpectomy pro- 
gresses. However, in this case, one would still need to adjust the cham- 
ber to fit the corpectomy site, and one would also need to insure that 
the bone has substantially filled the volume of the chamber after adjust- 
ment of the size of the chamber. 

The surgeon then inserts the bone-filled chamber into the corpectomy 
site, and gently taps it into place, such that the stabilization plates 
13 come to rest on the vertebrae immediately adjacent to the corpectomy 
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site. The chamber should fit tightly within the corpectomy site. One 
may take a lateral spine X-ray to insure that the chamber has seated it- 
self properly in the corpectomy site. 

Next, the surgeon drills holes into the adjacent vertebrae, using an 
appropriate drill, such as a 2mm twist drill. The barrel vaults 7 form 
guides for the drill bit, and thereby determine the direction of the 
holes. The orientation of the barrel vaults unambiguously determines the 
orientation of the holes. The holes therefore make the same angles as 
the barrel vaults, relative to the axes of the chamber. 

The surgeon then threads the screws 9 into the barrel vaults 7. The 
barrel vaults direct the screws along the correct path. Due to the in- 
teraction of the heads of screws 9 with the barrel vaults, the barrel 
vaults also insure that the screws 9 become inserted to the correct 
depth. When tightened, the screws 9 tend to draw the adjacent vertebrae 
towards the chamber. Note also that the screws pass twice through the 
cortex of the vertebrae. In other words, each screw has a length suffi- 
cient to pass through the cortex 27 at one surface of the vertebra, then 
through the cancellous material 29 at the core of the vertebra, and again 
through the cortex as the screw exits the vertebra. Fastening the screws 
in this manner minimizes the likelihood that the screws will become dis- 
lodged. 

Following the tightening of the screws, one can take a lateral X-ray 
to verify proper placement of the screws. If all is correct, one can 
then close the wound in the conventional manner. 

The present invention has many advantages, as outlined below: 
1. The fusion stabilization chamber does not rely on screws as the 
sole means of stabilizing the spine following surgery. Due to the trape- 
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zoidal cross-section of the chamber, the chamber becomes firmly wedged 
within the corpectomy site even before attachment of the screws. 

2. The surgeon can learn to insert the fusion stabilization chamber 
much more quickly than devices of the prior art. Since the barrel vaults 
automatically determine the direction and depth of the screws, the 
surgeon will be less likely to make mistakes while using the present in- 
vention, and the invention therefore is less intimidating to the surgeon 
than devices of the prior art. In particular, the oblique direction of 
the screws lessens the potential damage to the spinal cord. Moreover, 
most neurosurgeons can use the fusion stabilization chamber with 
instruments already in their possession. 

3. The oblique direction of the screws has the added benefit that 
it increases the compression effect, by drawing vertebrae above and below 
the chamber into firm contact with the chamber. Such compression speeds 
fusion of the bone. 

4. The oblique direction of the screws has the additional advantage 
of reducing the required size of the surgical incision, because the 
surgeon can reach deeply into adjacent vertebrae, using the screws, with- 
out exposing those vertebrae. 

5. Because of the ease and manner of insertion of the device, the 
surgeon need not use intraoperative fluoroscopy, or other monitoring 
means, while inserting the device. 

6. The present invention eliminates the need for a large inventory 
of stabilization plates and screws for fitting different sizes of verte- 
brae. One can construct the present invention in two or three basic 
sizes, which together fit virtually all possible corpectomy sites, due to 
the telescoping feature of the chamber. Thus, the invention reduces the 
cost of maintaining an inventory of materials. Moreover, due to the 
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simple structure of the fusion stabilization chamber, one can manufacture 
it relatively inexpensively. 

7. One can make the fusion stabilization chamber of strong titanium 
metal mesh which allows bone to grow from end to end and from side to 
side. One can easily fill the chamber with the patient's own cancellous 
bone mixed with hydroxyapatite crystals and/or other biocompatible syn- 
thetic bone substitutes known to increase the rate of bone formation. 
Thus, the present invention reduces the need to harvest bone from other 
sites on the patient's body. 

8. The structure of the fusion stabilization chamber provides 
stability through all three degrees of freedom of movement. 

In an alternative embodiment, one can replace the locking screw with 
a screw device located inside the chamber and extending along the entire 
length of the chamber. Thus, the latter screw device would comprise a 
type of jack. Turning the latter screw would vary the overall length of 
the jack, which is equivalent to varying the length of the chamber. With 
this arrangement, one need not adjust the length of the chamber before 
inserting it into the corpectomy site. Instead, one would first insert 
the chamber, and then turn the screw to adjust the jack, until the cham- 
ber becomes long enough to occupy the entire space. The above-described 
screw device would then comprise the means for locking the hollow members 
into a fixed position relative to each other, and could be used instead 
of, or in addition to, locking screw 11. One would use a bevel gear, or 
equivalent mechanical device, for adjusting the jack while the chamber is 
in position. The latter alternative should be considered within the 
scope of the present invention. 

In another alternative embodiment, one can coat the outside of the 
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chamber with an osteoinductive substance, such as hydroxyapatite, or the 
like, to promote fusion of the chamber to the surrounding bone. This 
coating can be instead of, or in addition to, the filling of the chamber 
with bone material. The invention should be considered to include the 
latter alternatives. 

The chamber used in the present invention can have various cross- 
sections. The invention is not limited to the rectangular or trapezoidal 
cross-sections discussed above, but can include other shapes. For ex- 
ample, one could form the chamber with a circular cross-section, in which 
case the chamber would have the general shape of a cylinder. 

The present invention is also not limited to a chamber having 
straight walls. Instead, the chamber could be curved along its length. 
In this way, one can make the chamber fit the curvature of the spine. In 
the latter case, both hollow members would be curved, so that they could 
slide back and forth within each other, while maintaining the desired 
curvature. This embodiment would be useful for a corpectomy which spans 
a relatively large number of vertebrae. 

While the above description illustrates the preferred embodiments of 
the invention, one can vary the invention in still other ways. For ex- 
ample, as noted above, one can vary the structure of the walls of the 
chamber. While one prefers a chamber having holes, such as provided by a 
metal mesh, one could use an empty box having solid walls. The position 
and number of barrel vaults can also vary. These and other modifica- 
tions, which those skilled in the art will recognize, should be consid- 
ered within the spirit and scope of the following claims. 
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What is claimed is: 

1. A fusion stabilization chamber, comprising: 

a) first and second hollow members, the first hollow member 
being slidable within the second hollow member, 

b) both hollow members including at least one barrel vault for 
receiving a screw therein, at least one barrel vault of the first hollow 
member being mutually oblique to at least one barrel vault of the second 
hollow member, 

c) wherein at least a portion of each hollow member includes a 
wall having openings. 

2. The fusion stabilization chamber of Claim 1, wherein the hollow 
members have walls formed of a metal mesh, wherein said openings are 
defined by the mesh. 

3. The fusion stabilization chamber of Claim 1, wherein each barrel 
vault includes a screw threaded therein. 

4. The fusion stabilization chamber of Claim 1, further comprising 
means for locking the two hollow members in a position such that the hol- 
low members together define a predetermined volume. 

5. The fusion stabilization chamber of Claim 1, wherein each hollow 
member is attached to a stabilizing plate, the stabilizing plates lying 
in generally the same plane, each stabilizing plate extending longitudi- 
nally outward from the hollow member. 

6. The fusion stabilization chamber of Claim 5, wherein at least 
one stabilizing plate has a threaded hole, and a screw inserted through 
said threaded hole. 

7. The fusion stabilization chamber of Claim 6, wherein each barrel 
vault includes a screw threaded therein. 
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8. The fusion stabilization chamber of Claim 1, wherein the hollow 
members have a slightly trapezoidal cross-section. 

9. A fusion stabilization chamber, comprising: 

a) first and second hollow members, the first hollow member 
being slidable within the second hollow member, the hollow members having 
a slightly trapezoidal cross-section, 

b) both hollow members including at least two threaded barrel 
vaults with screws threaded in the barrel vaults, the barrel vaults of 
the first hollow being oblique to the barrel vaults of the second hollow 
member, 

c) the hollow members being formed generally of a metal mesh, 

and 

d) means for locking the two hollow members in a position such 
that the hollow members together define a predetermined volume. 

10. The fusion stabilization chamber of Claim 9, wherein each hol- 
low member is attached to a stabilizing plate, the stabilizing plates 
lying in generally the same plane, each stabilizing plate extending 
longitudinally outward from the hollow member. 

11. The fusion stabilization chamber of Claim 10, wherein the 
stabilizing plates have threaded holes, and wherein there are screws in- 
serted through said threaded holes. 

12. A fusion stabilization chamber, comprising: 

a) first and second members, the first member being movable 
with respect to the second member, and means for fixing the first and 
second members in a desired position relative to each other, and 

b) means, attached to the first and second members, for affix- 
ing said first and second members to vertebrae adjacent a corpectomy 
site. 
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13. A method of stabilizing the spine following spinal surgery in 
which at least a portion of one or more vertebrae of the spine is 
removed, the area from which the vertebrae are removed being called the 
corpectomy site, the method comprising the steps of: 

a) measuring the length of the corpectomy site, 

b) adjusting the length of a telescoping chamber such that the 
chamber has a length substantially equal to the length of the corpectomy 
site, 

c) filling the chamber with bone material, 

d) inserting the chamber into the corpectomy site, and 

e) screwing a plurality of screws through threaded barrel 
vaults mounted to the chamber, the screws being screwed into vertebrae 
adjacent to the corpectomy site. 

14. The method of Claim 13, wherein the adjusting step includes the 
step of tightening a locking screw to fix the length of the chamber at a 
desired value. 

15. The method of Claim 13, wherein the filling step is done with 
bone material which has been removed from the corpectomy site. 

16. The method of Claim 13, wherein the screwing step is preceded 
by the step of drilling holes into said adjacent vertebrae, the screws 
being screwed into said holes. 

17. The method of Claim 13, wherein the screws are inserted to a 
depth sufficient to extend completely through at least one vertebra. 

18. A method of stabilizing the spine following spinal surgery in 
which at least a portion of one or more vertebrae of the spine is 
removed, the area from which the vertebrae are removed being called the 
corpectomy site, the method comprising the steps of: 
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a) measuring the length of the corpectomy site, 

b) adjusting the length of a telescoping chamber such that the 
chamber has a length substantially equal to the length of the corpectomy 
site, and 

c) inserting the chamber into the corpectomy site, and affix- 
ing the chamber to vertebrae adjacent to the corpectomy site. 
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IMPLANTABLE PROSTHESES, KIT AND DEVICE FOR MANUFACTURING THE SAME 



The present invention relates to methods suitable for replacing 
or repairing broken or damaged connective tissue such as ligaments 
5 or tendons and to prostheses for use in such methods. Also 

disclosed is a device for use in forming such prostheses, as well as 
kits from which the prostheses can be formed. 

It is known from United States Patent No. US5078744 to repair 
10 damaged ligaments such as the anterior cruciate ligament (ACL) by 
replacing part of the damaged ligament by a prosthetic ligament 
comprising purified connective animal tendon or ligament tissue 
fibres which are cross-linked and formed into groups of aligned 
fibres. 

15 

The most common method of repair or reconstruction of the 
ACL is to implant a prosthetic graft comprising autogenous tissues. 
Thus it is common surgical practice to harvest autogenous tissue 
eg. patellar tendon from the host and to form a prosthesis for 
20 implantation. 

A number of synthetic non-bioresorbabie materials have been 
used in the manufacture of prosthetic ligaments, the materials being 
chosen for their affinity for supporting or encouraging the ingrowth 
25 of fibroblasts, after implantation of the prosthesis. 

According to the present invention there is provided an 
implantable prosthesis which, in a form prior to implantation in a 
host, comprises a biocompatible, synthetic, substantially 
30 bioresorbable matrix material seeded with fibroblasts. 

By "synthetic", is merely meant a material which is not used 
naturally by the mammalian body in connective tissue repair or 
which is not a chemically modified form of such a material. Thus this 
35 term excludes collagen and artificially cross-linked collagen 

matrixes (although, if desired, collagen can be used in addition to 
the synthetic material). 
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The term "fibroblast" includes cells which are sometimes 
referred to as fibroblast, fibrocyte, tenocyte or synovioctye cells. 
This term also covers precursor cells to any of these cells. 

5 By "substantially bioresorbable matrix material" is meant a 

three dimensional structure for supporting fibroblasts (which may be 
in the form of a scaffold, mesh or solid structure, for example) and 
which, in the implanted prosthesis, degrades substantially overtime 
in a mammalian body, due to the chemical/biological action of body 

10 components (as opposed to simply breaking due to physical strain 
on to the prosthesis). Desirably after the prosthesis has been 
implanted in an adult human for five years (more preferably after 
only one year's implantation) the bioresorbable material will have 
degraded to such an extent so that it makes no substantial 

15 contribution to the structural integrity of the prosthesis. 

Preferably the matrix may additionally comprise one or more of 
the following molecules: proteoglycans, glycosaminoglycans, 
fibronectin or its active binding domain, or one or more growth 
20 factors e.g. bone morphogenetic protein (BMP) fibroblast growth 
factor, angiogensis factor or other stimulatory factors. 

In a further embodiment of the invention, the prosthesis or part 
thereof (e.g. area(s) of the prosthesis which will come into contact 

25 with bone after implantation), may be impregnated with 

osteoinductive or osteoconductive agents, to enable more easy 
infiltration by bone cells. Examples of suitable osteoinductive 
materials susceptible to infiltration include hydroxyapatite, freeze- 
dried or demineralised bone, growth factors (e.g. bone 

30 morphogenetic protein) etc. Impregnation may suitably be just 
before implantation of the prosthesis. Aptly such materials are 
incorporated into ends of the prosthesis. 

In a further embodiment of the present invention, there is 
35 provided a method of repairing or replacing damaged connective 
tissue in a human or non-human animal comprising the steps of: 
incubating a biocompatible, synthetic, substantially bioresorbable 
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matrix material in the presence of a suitable culture medium and of 
fibroblasts under suitable conditions for fibroblast seeding on or in 
the matrix and thereafter implanting the seeded matrix into a host. 

5 Examples of suitable substantially bioresorbable synthetic 

polymers include polylactide (PLA). polyglycolide (PGA), 
polydioxanone, poly caprolactone (PCL), polyhydroxybutyrate (ICI 
BIOPOL™), polyhydroxybutyrate-co-hydroxyvalerate (ICI 
BIOPOL™), polyanhydrides, polyorthoesters, polyorthocarbonates, 
10 polyaminocarbonates, polytrimethylene carbonate and co-polymers 
incorporating monomers from which the aforesaid polymers can be 
formed. 

When the prosthesis according to the present invention 
1 5 comprises a copolymer, the copolymer may incorporate 
hydroxyvalerate and hydroxybutyrate monomers. In such 
copolymers the amount of hydroxyvalerate present may be from 1 to 
47% mol. Other particularly suitable copolymers are P LA/PGA and 
PLA/PCL copolymers. 

20 

Composites of a plurality the above substantially bioresorbable 
materials may also be suitable as or as part of the matrix material. 

The matrix be fabricated of two or more distinct materials (e.g. 

25 distinct fibre types) with different degradation rates, providing a two 
or more phase loss of mechanical properties with time. Also, the 
different fibre types may possess different mechanical properties. 
For example, highly extendable fibres may be combined with less 
extendable fibres. The matrix may be designed to elongate to a 

30 specified extent before the less extendable fibres prevent further 
extension. This design may be advantageous in exposing the cells 
to limited and controlled strain while protecting against damage to 
the forming tissue. For example, polycaprolactone fibres have a 
lower Young's modulus than polylactide fibres. 

35 

Furthermore, one polymer may be coated with another 
polymer. This is advantageous where the material of choice on the 
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basis of mechanical properties is not necessarily the material of 
choice for cell culture (unless it is modified). Here a more 
biocompatible polymer may be used to coat a less biocompatible 
base material. For example, polylactide provides a better substrate 
5 for fibroblast proliferation than polycaprolactone. Polycaprolactone 
fibres could be coated with polylactide to improve compatibility with 
fibroblasts. 

As indicated above, copolymeric materials may be used. This 
1 0 can be advantageous where the copolymers possess degradation 
rates intermediate between the rates of the homopolymers of which 
they are composed. Therefore, the degradation rate may be 
controlled by controlling the composition of the copolymer. Also, 
production of copolymer fibres by fibre spinning or extrusion may 
15 yield fibres with mechanical properties superior to those of 

homopolymers. Polylactide-Polyglycolide copolymers are good 
examples of both of these points. 

Suitable fibroblasts for use in seeding the matrix may be 
20 autogenic fibroblasts, allogenic fibroblasts or xenogenic fibroblasts. 
Preferably, the fibroblasts are autogenic. The fibroblasts may 
originate from for example the dermis, tendons or ligaments. The 
fibroblasts for use in seeding the matrix may comprise a mixture of 
one or more of the above types of fibroblasts. Where the fibroblasts 
25 are autogenic, it is preferable to isolate them from the dermis, as 
this avoids the need for extensive invasive surgery. 

The fibroblasts may be obtained according to any suitable 
method. A preferred method is by carrying out a skin biopsy. 

30 

The matrix material may be seeded with fibroblasts by placing 
the matrix in a culture vessel containing an appropriate culture 
medium (e.g. DMEM), in the presence of fibroblasts and incubating 
under cell culture conditions. The fibroblasts may be suspended in 
35 the culture medium and the resultant suspension added to the 
culture vessel either before or after addition of the matrix. The 



5 

number of fibroblasts/ml of medium may be varied according to the 
degree of seeding it is desired to establish. 

The prosthesis of the present invention may be used to either 
partially or totally replace a damaged ligament, tendon, cornea, 
dermis, dura (or other body part comprising connective tissue). 
Where the damage is substantial, the damaged ligament or tendon 
may be totally surgically replaced by the prosthesis. Where the 
damage is less substantial the matrix may be designed so as to be 
joined (e.g. by suturing) to the existing damaged ligament or tendon. 

The matrix may be designed according to any one of a number 
of possibilities. Aptly the matrix is a fibrous structure. It may have 
loops or other structures at each end for aiding fixation to bone 
(using for example either the "two tunnel" or the "over-the-top" 
technique). It may be formed by any appropriate technique - e.g. 
braiding, knitting, weaving, crocheting etc. The matrix is desirably in 
elongate form and is preferably flexible. 

The device may closely mimic the natural structure and fixation 
of the ligament or tendon. For example, for ACL reconstruction, the 
device could be composed of a hierarchy of fibres bundled together 
in fasicular units, passing directly from the femur to the tibia or 
taking a spiral path around the axis of the device. Fixation may be to 
the natural fixation areas of the ligament or tendon. Any appropriate 
fixation means may be used (e.g. screws, nails, staples or sutines). 
The fixation means may itself be bioresorbable, for example it may 
be formed of polyhydroxybutyrate. 

The present invention further provides a kit for forming the 
prosthesis of the present invention comprising a synthetic 
biocompatible matrix material and a source of fibroblasts. 

On incubation under suitable conditions, the fibroblasts will 
grow on and/or in the matrix, thus producing a matrix seeded with 
fibroblasts. 
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The kit may additionally comprise a suitable medium for the 
proliferation of fibroblasts. 

Ideally the kit is presented in a sterile package. Alternatively 
5 the parts of the kit may be sterilised just before use. Prior to 

implantation, the components of the kit can be incubated together 
under appropriate culture conditions as above described to allow 
the fibroblasts to seed the prosthesis. 

1 0 The fibroblasts may be in any suitable form ready for use. 

Thus aptly the fibroblasts may be cryopreserved. 

The matrix, or components/precursors thereof, may be 
provided in lyophilised form. 

15 

In a preferred embodiment, the present invention comprises, 
an implantable prosthesis which in a form prior to implantation 
comprises a biocompatible synthetic substantially bioresorbable 
matrix material having a polymeric gel in intimate contact therewith, 

20 the gel having fibroblasts dispersed therein. This is advantageous in 
that the gel can support the cells in a true three-dimensional 
arrangement rather than merely supporting a monolayer on the 
surface of a material. The environment closely mimics the natural 
physiological environment of the cells. Also, incorporation of cells in 

25 a gel can provide for even cell distribution, preventing cells from 
pooling which might otherwise occur due to gravitational influence. 

The present invention provides a method of repairing or 
replacing connective tissue in a human or other animal, comprising 
30 the steps of: incubating a biocompatible matrix material in the 
presence of a gel-forming composition and of fibroblasts under 
suitable conditions to form a prosthesis comprising a matrix 
contacting a polymeric gel, the gel having fibroblasts dispersed 
therein, and thereafter implanting the prosthesis into a host. 

35 

Suitable gel forming compositions include collagen gel forming 
compositions and fibrin gel forming compositions. 
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Fibroblasts in a collagen gel are capable of utilising the 
collagen and reorganising it. Under an appropriate mechanical 
stimulus they are capable of reorganising the fibrils into non- 
5 randomly orientated, organised structures resembling the natural 
ultrastructure of ligament and tendons. A mechanical stimulus may 
be the prevention of gel contraction which would otherwise occur 
over time by fixing the gel at two points. The matrix may be 
designed to achieve this. Alternatively, the gel on or in the matrix 
10 may be exposed to applied strain using a mechanised straining 
device to stimulate fibroblast alignment. 



The method may comprise an additional step of incubating a 
gel-contacting matrix under suitable conditions for fibroblast 
15 proliferation in the gel and thereafter implanting the matrix into a 
host. 



In the preferred embodiment of the present invention, the 
matrix is seeded by means of incubating the matrix in the presence 
20 of a suitable culture medium, a gel-forming composition and the 
fibroblasts to be seeded. An appropriate agent for causing gelation 
of the gel forming composition may also be used, if necessary. 

Seeding the matrix in the presence of a gel-forming 
25 composition, fibroblasts (and a gelling agent, if required) results in a 
gel-coated or filled matrix, the gel having fibroblasts dispersed 
therein. The gel can be formed by the interaction of the gelling 
agent and the gel-forming composition. A preferred gel is a collagen 
gel. A Type I, II or III collagen solution may be prepared using an 
30 appropriate source of collagen. Thus for example a Type I collagen 
solution may be prepared from dermis (Type I collagen forms up to 
70% of extracellular protein found in skin) as above described. 
Alternatively a Type I collagen solution may be prepared tendons, 
e.g. rat or bovine tendons, which comprise almost exclusively Type 
35 1 collagen. The collagen may be extracted according to any of the 
standard methods known by those skilled in the art. 
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There are a number of suitable ways of incorporating the gel in 
or on the matrix. For example, the matrix may be suspended in such 
a manner that the gel-forming solution (optionally comprising 
fibroblasts) completely surrounds the matrix. A mould which 
5 surrounds the matrix may be used. Centrifugation or suction may 
alternatively be used to direct gel towards the matrix. 

A kit for use in forming the prosthesis of the preferred 
embodiment can comprise a biocompatible matrix, a gel-forming 
10 composition and a source of fibroblasts. 

Alternatively the kit may comprise a biocompatible matrix 
having a coating comprising a polymeric gel and/or having a 
polymeric gel incorporated therein and a source of fibroblasts. On 
15 incubation under suitable conditions the fibroblasts can invade the 
gel, thus producing a matrix bearing a gel having fibroblasts therein. 

The prosthesis of the present invention offers an advantage 
over previously known prostheses which were designed to enhance 

20 ingrowth of fibroblasts after implantation and act as a scaffold 

through which fibroblasts can grow and form a new ligament, since it 
comprises fibroblasts prior to implantation. Thus the damaged tissue 
may be replaced by a prosthesis comprising viable fibroblasts which 
may be replicating. The fibroblasts may already substantially be 

25 aligned on implantation or at least oriented in a non-random 

manner. This process is speedier than previously known methods 
which rely on infiltration of prostheses by fibroblasts after 
implantation. It will be clear that the prosthesis may be implanted 
after an initial predetermined incubation period timed to result in 

30 seeding of the prosthesis with fibroblasts. Alternatively the 

prosthesis may be incubated for a longer incubation period than the 
initial incubation period so that the fibroblasts will be replicating and 
will have already started to secrete collagen fibrils when the 
prosthesis is implanted. 

35 

The prosthesis and method of the present invention offers 
other advantages over the common surgical practice or harvesting 
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host patellar tendon in that it avoids the need for carrying out an 
extensive surgical operation to harvest the tendon. A simple skin 
biopsy (a standard procedure which does not result in substantial 
scarring) can be used to obtain fibroblasts which can then be 
5 proliferated in culture. In addition, the prosthesis can be designed to 
optimise fibroblast orientation. The cumulative effect of these 
advantages can result in a reduction in the length of a hospital stay. 

In one preferred embodiment of the present invention, where a 
10 collagen gel contacts the matrix, the prosthesis of the present 
invention provides a source of collagen which can be used by the 
fibroblasts. The collagen in the gel is preferably in a non-cross- 
linked form. 

15 In another preferred embodiment of the present invention a 

fibrin gel is used. 

According to a further aspect of the present invention there is 
provided a device for culturing cells for use in forming a prosthesis 
20 according to the present invention, comprising a chamber for 
maintaining fibroblasts in a viable condition, the chamber being 
provided with means for releasably securing the matrix material and 
means adapted for applying strain to the matrix material along a 
single axis only. Such a device can be included in a kit as aforesaid. 

25 

If several straining means are present, the device of the 
present invention can apply strain to a plurality of samples at any 
one time. Thus the device may have one or more chambers adapted 
to retain a culture medium and may be provided with means for 
30 releasably securing a plurality of matrix materials. This may be 
done simultaneously. Each of several chambers may be provided 
with means for releasably securing a plurality of matrix materials. 
Alternatively each chamber may be provided with means for 
releasably securing a single matrix material. 

35 

A chamber may be permanently fixed within the device. 
Alternatively the chamber may be releasably fixed so that it may be 
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removed from the device as desired, e.g. the chamber(s) may be 
removed to facilitate the securing and release of the matrix material. 

A chamber may be made from any material which may be 
5 sterilised by suitable methods of sterilisation, e.g. gamma 

irradiation, steam sterilisation or ethylene oxide (ETO) sterilisation. 

A chamber may have any desirable shape and size. Suitably 
the chamber may be cylindrical, cuboid or spherical. The 

1 0 dimensions of the chamber should be such that they enable the 
matrix material to be secured and to be subsequently extended on 
the application of strain. The device of the present invention can be 
adapted to apply a strain which causes e.g. up to 100% extension of 
the matrix material (relative to the material in unextended form). 

1 5 Generally speaking however, an extension of up to 1 0%, or of up to 
5% may be sufficient. 

Thus the dimensions of the chamber can be such that they 
enable the matrix material to be extended to the desired level. 

20 

The dimensions of a chamber are desirably such that the 
chamber has a capacity of up to 75cm 3 , e.g. up to 50cm 3 . The 
chamber may be made from any suitable material, e.g. stainless 
steel or Perspex™ material. Preferably the material is autoclavable 
25 to facilitate sterilisation. 

Preferably the chamber is provided with a transparent or 
translucent window to enable the matrix material to be viewed 
during the time of culture. Examples of suitable materials include 
30 glass and polymethylmethacrylate (PERSPEX). 

The chamber may comprise a closure, which may be 
removably or hingedly mounted to allow access to the inside of the 
chamber. Thus for example the chamber may comprise a glass 
35 cylinder wherein at least one of the ends is removable. Aptly the 
chamber may be collapsible or telescopic. 
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The chamber is desirably thermostatically controlled and may 
be heated via a water jacket or other heating means. It may be 
provided with various sensors e.g. sensors of the CO2 content 
within a head space of the chamber. A CO2 source may also be 
5 provided. 

The matrix material may be releasably secured by securing 
means within the chamber. 

10 The means for applying strain may compare two elements 

which are movable within the chamber so that the spacing between 
the elements can be varied. Alternatively one element may be 
movable but the other may be fixed. 

1 5 The securing means may be any suitable means for releasably 

securing the matrix sample. The design of the securing means 
depends upon the design of the ends of the matrix material. Thus for 
example where the matrix material comprises looped ends the 
securing means may comprise a pair of clips or hooks. Suitably the 

20 securing means may comprise for example a chuck or a lathe or 
jaws which may screw together or be held by springs. Aptly the 
securing means may be in the form of a slot or other opening such 
that the ends of the matrix material are designed to fit thereon. Thus 
for example the ends of the matrix material may be embedded in a 

25 resin which may be retained in a slot. The opposite arrangement 
can be used in which the opening is in the matrix material and the 
securing means fit therein. A yet further way of releasably securing 
the matrix material is to provide a spool, which may be generally 
cylindrical, about which matrix material can be wrapped and held in 

30 position by friction. The spool may be held in place by a gripping 
device. Two such spools may be provided - one for each of two 
gripping devices. 

The matrix material to which strain is to be applied by the 
35 device of the present invention may comprise any suitable material 
for supporting viable cells. Cells may be present in or along the 
entire length of the matrix material. Alternatively part of the matrix 
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material, e.g. the ends thereof, may have no cells. The cells may be 
applied to the matrix material either before or after the matrix 
material has been secured under extension. It is preferable however 
to apply the cells to the material before securing the material under 
5 extension in the chamber. 

The matrix material may be designed in the form of a 
prosthetic ligament or tendon. Where for example the matrix 
material is in the form of a prosthetic ligament, the ligament when 
10 unstrained is preferably in the range of from 1 to 30cm long. The 
matrix material should be chosen so that it is suitable for 
withstanding the magnitudes of strain which it will be subjected to on 
implantation, e.g. in the knee. 

15 The means for applying strain may act by pulling both ends or 

one end of the matrix material, resulting in an extension of the 
matrix material. This may be done by various means, e.g. 
mechanical, electrochemical, electrical, piezoelectric, pneumatic, 
hydraulic or other means. The matrix material may be releasably 

20 attached to a stationary element at one end of the chamber and the 
opposing end of the matrix material may be attached to a tension 
applying member (for example a winding device). Suitably strain 
may be applied to the matrix material by means of a diaphragm, one 
side of the diaphragm lying within the chamber and the opposing 

25 side lying outside the chamber. A pivotally mounted lever may be 
used to apply strain. 

The present invention also provides a method of culturing cells 
under strain which method comprises the steps of releasably 
30 securing a matrix material having viable cells in intimate contact 
therewith in a chamber, the chamber comprising an adequate 
amount of culture medium to cover the matrix and cells, and 
applying strain to the matrix material along a single axis. 
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Materials suitable for use in a matrix of the present invention can be 
assessed as exemplified below: - 

Assessment of Materials 

5 

In order to make an initial assessment of suitable materials for 
supporting fibroblast growth, various materials were obtained (which 
are not to be construed as limiting), as indicated in Table 1 below, 
and moulded into films for 5min at 2.5 Tons at the following 
10 temperatures: Polylactide 170°C; polyglycolide, 245°C; 
polyhydroxybutyrate, 185°C; and polycaprolactone, 65°C. 

Table 1 

15 Material Supplier Fig. 

Polylactide Medisorb, Cincinnati, Ohio, USA 1a 

Polyglycolide Medisorb, Cincinnati, Ohio, USA 1b 

Polyhydroxybutyrate Goodfellows, Cambridge, UK 1c 
20 Polycaprolactone Birmingham Polymers Inc. 1 d 

Alabama, USA 

Fibroblasts were seeded onto the surfaces of these materials 
at a density of 1 x 10^ cells/cm2 of material and incubated for 3 
25 days under culture conditions. 

After the incubation period, photomicrographs were taken of 
the cell-seeded samples. These are shown in Figs. 1a to 1d for the 
samples indicated in Table 1 above (photocopies of all of the 
30 photographs provided for this application are provided immediately 
after the relevant photographs). 



35 



Fibroblasts can be seen to be well adhered to the surfaces of 
all of the materials and to exhibit the morphology typical of healthy 
cultural fibroblasts. 
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One sample of fibroblasts was grown on polylactide as 
described above apart from the fact that a longer (16 day) culture 
period was used. 

5 After this period the cells were stained with a viable stain 

(calcein AM (2^M)) and visualised by fluorescence microscopy 
using a fluorescein filter. A confluent monolayer of viable cells was 
observed, showing that polylactide is capable of supporting viable 
fibroblasts for extended periods of culture. 

10 

Figure 2 is a graph showing the relative rate of proliferation of 
fibroblasts on four examples of bioresorbable synthetic materials: 
polylactide (PLA); polyglycolide (PGA) polyhydroxybutyrate (PHB) 
and polycaprolactone (PCL) (all as described above) in comparison 
1 5 with a tissue culture treated polystyrene (TCP) control (since TCP is 
known to support good fibroblast growth). 

Figures 2a) to e) show each of these materials on a single 
graph (for each of reference). Cells were seeded at 1 x10 4 cells.cnrr 

20 2 in triplicate and the rate of proliferation determined by measuring 
the uptake of tritiated thymidine into cellular DNA at timepoints up to 
7 days after incubation using standard cell culture techniques. The 
medium was changed at 2, 4 and 6 days. The points represent the 
mean of three determinations and the error bars represent the 

25 range. All polymers supported fibroblast proliferation. 

Figure 3 is a photomicrograph of fibroblasts embedded within a 
three dimensional collagen gel after 15 days of culture. The cell- 
seeded gel was prepared as described in example 2 (which will be 

30 described later) apart from the fact that it was not used to contact a 
matrix. The gel provides a three-dimensional structure in which the 
cells are embedded and can form interactions with collagen 
molecules via membrane integrin receptors. The cells are randomly 
arranged, exhibit long processes and are capable of reorganising 

35 collagen fibrils within the gel. 
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Figure 4 is a photomicrograph of fibroblasts embedded within a 
three dimensional collagen gel as described for Fig. 3 above, apart 
from the fact that the gel has now been constrained from contracting 
in one direction by two stainless steel pegs glued to a culture dish 

5 with a tissue culture compatible adhesive. The cells are arranged in 
a highly orientated fashion, their long axes being parallel to the axis 
between the contraining pegs. The collagen fibrils align along the 
same axis. This effect is due to the pegs preventing the gel 
contracting, as would otherwise occur in the presence of fibroblasts 

10 in culture. 
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The following examples, which are not to be construed as 
limiting, illustrate how various cell-seeded matrixes can be 
produced. 

5 

Example 1 : Preparation of a fibroblast seeded polvlactide matrix 
prosthesis 

a) Preparation of Cells 

10 

A biopsy is washed three times in phosphate buffered saline 
(PBS), and rinsed in 70% alcohol. The rinsed biopsy is then dipped 
into Dulbecco's Modified Essential Medium (DMEM) and incubated 
at 37°C for 24 hours. After incubation, the biopsy is cut into small 

15 pieces under PBS. The cut pieces are transferred to a 50mm petri 
dish, containing about 5ml of collagenase solution to allow 
digestion. The epidermal sheets are removed from the collagenase 
solution. The resultant solution is centrifuged. The fibroblast cell 
pellet is resuspended in DMEM and thereafter seeded in a 35mm 

20 petri dish using DMEM. The cells may be confluent in from 2-4 days. 
Thereafter the cells may be cultured to provide an appropriate 
quantity of fibroblasts for seeding the matrix. 

A suitable medium for culturing the isolated fibroblasts may 
25 comprise DMEM which may be supplemented with the following: 
glutamine, foetal calf serum, non essential amino acids and 
antibiotics. In addition the medium may have a buffering agent such 
as bicarbonate. 

30 b) Preparation of matrix material 

A polylactide matrix material suitable for use in a prosthesis for 
replacing a ligament can be prepared by obtaining polylactide fibres 
and then braiding them to form a braid of appropriate dimensions to 
35 replace the ligament. 

Polylactide fibres can be obtained by extrusion, fibre spinning, 
melt-spinning, drawing, heat annealing etc. 
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Braiding of the fibres can be done by standard braiding 
techniques, the length and thickness of the braid, number of fibres 
present and diameter of fibres present being selected to form a 
5 braid with appropriate properties. 

The ends of the device are constructed in a suitable way to aid 
fixation of the device by a screw or other fixation means. This is 
done by forming eyelets at the ends. 

10 

c) Seeding of matrix material with cells 

The braided device is incubated in a medium containing 10% 
v/v serum for 24 hours and is then seeded with cells by pipetting a 

15 cell suspension over the surface of the matrix material until the latter 
is completely covered with cell suspension. (Alternatively the matrix 
may be incubated together with the cell suspension for a period of 
about six hours under conditions of agitation, e.g. on a bottle roller. 
Other alternatives are to seed the device by sucking cell suspension 

20 through it under vacuum (if it is porous) or by centrifuging cell 
suspension through the device). 

d) Straining of the cell-seeded matrix 

25 The cell seeded device is gripped at both ends in a straining 

apparatus which causes the device to be strained along a single 
longitudinal axis. This is done for sufficient time so as to cause the 
fibroblasts substantially to align along the general direction of the 
longitudinal axis, as can be assessed by microscopic analysis of the 

30 cells. The apparatus comprises a culture chamber so that straining 
can occur over several hours or even several days and yet the cells 
can remain viable. Typically the device is strained at 37°C. 

During straining a culture medium is used to culture the cells 
35 under suitable conditions. This includes serum, ascorbate or stable 
analogues thereof, together with growth factors. 
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The ascorbate stimulates the fibroblasts to synthesise 
collagen; the serum contains factors promoting cell proliferation and 
cell adherence and the growth factors can stimulate cell 
proliferation, development and migration. 

5 

e^ Implantation of the cell-seeded matrix 

Once the cell-seeded device has been strained for a sufficient 
period to obtain a desired degree of alignment of fibroblasts, it is 
10 removed from the cell-straining device and implanted into a patient 
by any desired technique. 

Minimal invasive surgery is preferred. For a prosthetic anterior 
cruciate ligament implantation be done utilising the "two-tunner or 
15 the "over the top" techniques. Fixation can be achieved by using 
screws (or other fixation elements) placed through the eyelets of the 
matrix. The screws are suitably formed of a biodegradable material, 
such as polyhydroxybutyrate. 
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Example 2 : Preparation of a fibroblast seeded polvlactide matrix 
prosthesis comprising a collagen gel in which the 
fibroblasts are incorporated 

5 

This can be done in an analogous manner to the method 
described in Example 1 , except for the inclusion of an alternative 
procedure whereby fibroblasts are incorporated in a collagen gel 
which is used to seed the polvlactide matrix. This extra procedure is 
10 described below: - 

a) Preparation of collagen 

It is desired to form the collagen in a form which is acid soluble 
1 5 and which is not cross-linked. This can be done as follows:- 

Type I collagen is prepared from tendon but could be from 
other tissue e.g. skin. The tissue is minced finely, disinfected in 70% 
(v/v) ethanol for at least 30 mins, dispersed in acetic acid (1% v/v) 

20 and incubated with agitation at 4°C. The supernatant is removed 
and neutralised by addition of an appropriate volume of 1 .OM 
sodium hydroxide. The precipitated type I collagen is pelleted by 
centrifugation at 8,000 x g and the pellet resuspended in an 
appropriate volume of acetic acid (1% v/v). The collagen 

25 concentration of this solution is determined by any appropriate 
method (e.g. a total protein assay - the BCA assay) and the 
concentration of the collagen solution adjusted appropriately (e.g. 
3mg.ml _1 can be used). 

30 If the product is a kit, sterile collagen solution may be 

lyophilised and stored under vacuum or an inert gas (e.g. argon) to 
prevent cross-linking. A diluent (acetic acid) could also be provided. 
Alternatively, it could be provided as a solution and stored at 4°C to 
-20°C. 
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Seeding of matrix material with cells 

Three components are typically used to seed the matrix:- cells 
5 suspended in an appropriate medium, collagen solution and a 
gelling agent - (e.g. 1M sodium hydroxide). The final collagen 
concentration may be approximately Img.mK 1 and the seeding 
density approx. 3x1 0 4 cells per ml of gel (or volume within the 
matrix). The three components are maintained at 0°C to 4°C, mixed 
10 and added to the matrix. Once the matrix is fully impregnated, it is 
incubated at 37°C and gelling is initiated. 

The impregnation of the matrix may be achieved by any 
suitable method. The matrix may be merely immersed in the solution 
15 within a mould. Alternatively the solution may be sucked into the 
scaffold by use of a vaccum or forced in by centrifugation (for 
example within a mould centrifuged at 500rpm for 5min at 0-4°C). 

The rate of setting of the gel may be varied by varying the 
20 temperature. 
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Example 3 : Preparation of a fibroblast seeded p olvlactide matrix 

prosthesis comprising a fibrin gel i n which the 

fibroblasts are incorporated 

5 

This can be done by an analogous method to that described in 
Example 2, except that a fibrin gel rather than a collagen gel is 
used. 



10 Again, three components are used: cell suspension, fibrinogen 

solution and thrombin solution containing calcium chloride (mM). 
The final cell concentration may be 3x1 0 4 cells per ml, the 
fibrinogen concentration may be 3mg/ml, the thrombin activity 2.5 
Units/ml and the calcium chloride concentration 5mM. The reagents 

1 5 are mixed and then incubated with the matrix. Once impregnated 
with the solution, the matrix is incubated at 37°C to allow rapid 
gelling. Impregnation of the matrix may be conducted by any of the 
techniques described above. 

20 The rate of gelling may be varied by varying the thrombin 

activity and/or the temperature. 
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The cell straining device referred to previously will now be 
described by way of example only with reference to Figs. 5 a), b), c), 
d), and e) which show various components which can be put 
5 together to form the device. 

The device comprises a Perspex™ container 10 (shown in cut- 
away section) and lid 20 (see Figs. 5a) and 5e)). Container 10 can 
be used to contain an extensible material seeded with fibroblasts 
1 0 under cell culture conditions. For ease of reference thermostats, 
sensors, inlets for topping up culture media and other components 
which would be well known to those skilled in the art are not shown. 

The device further comprises first and second grips 30 and 40, 
15 each of which has two parallel arms 45 bearing pegs 50 (see Figs. 
5c) and e)). 

One of the grips (grip 40) is provided with a support 60 which 
can be moved towards or away from the other grip 30 along a single 
20 longitudinal axis by a motor (not shown). The other grip 30 is fixedly 
mounted to an end wall 35 of the device. 

The grips 30 and 40 function to receive and hold spools 70 
and 80 (see Figs. 5c) and 5e)). This is achieved by pegs 50 fitting 
25 into grooves 90, thereby attaching the spools 70 and 80 to grips 30 
and 40 in a manner which prevents rotation of the spools 70 and 80 
relative to the grips 30 and 40 respectively. 

Spools 70 and 80 function to hold an extensible material 
30 seeded with fibroblasts, indicated by cell seeded polylactide braid 
prosthesis 100. 

This is achieved by threading opposite ends of the prosthesis 
100 through apertures 110 and 120 and then rotating the spools 70 
35 and 80 several times about axes A and B respectively so that the 
prosthesis 100 is secured to the spools 70 and 80 by friction (see 
Fig. 5b). 
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The spools 70 and 80 can then be slotted onto grips 30 and 40 
as aforesaid (see Fig. 5c) and the prosthesis 100 can be extended 
,by causing support 60 to retract within the container so that grips 30 
5 and 40 become increasingly spaced. Once a desired degree of 
extension has been achieved support 60 can be held in position by 
a releasable locking device (not shown) and the extended 
prosthesis 100 can be incubated under culture conditions for as 
long as desired. 

10 

In order that the prosthesis 100 can be easily seen a window 
130 is provided formed of a transparent on translucent material. 
This can be used for microscopic analysis of fibroblasts growing on 
the prosthesis 100 in order to determine when the prosthesis 100 is 
1 5 ready for implantation. 

A grooved transparent or translucent block 140 is also 
provided for positioning at the bottom of container 10 (see Fig. 5d). 
The block is sized so that groove 150 can accommodate sufficient 
20 culture medium to cover the prosthesis 100 when positioned on 
spools 70 and 80 with the spools 70 and 80 being held by grips 30 
and 40. This enables economical amounts of culture medium to be 
used. 

25 The materials used to form the components of the straining 

device are autoclavable and sterilisable with alcohol. Typically the 
device is operated at a temperature of 37°C and with an atmosphere 
of 5% C0 2 . 



30 
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CLAIMS 

1 . An implantable prosthesis which in a form prior to implantation 
5 comprises a biocompatible, synthetic, substantially bioresorbable 

matrix material seeded with fibroblasts. 

2. A prosthesis according to claim 1 wherein the bioresorbable 
matrix material comprises a polylactide, a polyglycolide, a 

1 0 polydioxanone, a poly caprolactone, a polyhydroxybutyrate, a 
polyhydroxybutyrate-co-hydroxyvalerate, a polyanhydride, a 
polyorthoester, a polyorthocarbonate, a polyaminocarbonate, a 
polytrimethylene carbonate or a co-polymer which incorporates 
monomers from which the abovementioned polymers are formed. 

15 

3. A prosthesis according to claim 1 or claim 2, further comprising 
a non-bioresorbable matrix material. 

4. A prosthesis according to claim 3 wherein the non- 
20 bioresorbable matrix material is a polyester, a polyethylene, a 

polypropylene, PTFE, carbon fibre, or a composite of two or more of 
the aforesaid materials. 

5. A prosthesis according to any preceding claims wherein the 
25 matrix further comprise one or more of the following:- proteoglycans, 

glycosaminoglylycans, fibronectin or its active binding domain, 
growth factors, osteoinductive or osteoinductive materials. 

6. A prosthesis according to any preceding claim wherein the 

30 prosthesis comprises a gel in intimate contact with the bioresorbable 
matrix material, the gel having fibroblasts dispersed therein. 

7. A prosthesis according to claim 6, wherein the gel is a collagen 
or fibrin gel. 

35 

8. A prosthesis according to claim 7 wherein the gel is in the form 
of a coating and/or a filling. 
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9. A prosthesis according to any of claims 6 to 8, wherein the 
bioresorbable matrix material is polyhydroxybutyrate or a copolymer 
incorporating a plurality of hydroxybutyrate monomers. 

5 

10. A prosthesis according to any preceding claim wherein the 
matrix is flexible. 

11. A prosthesis according to any preceding claim which is in the 
1 0 form of a fibrous member. 

12. A prosthesis according to any preceding claim which is in the 
form of a woven, knitted, crocheted or braided member. 

15 13. A prosthesis according to any preceding claim comprising a 
plurality of bioresorbable matrix materials having different rates of 
bioresorbtion. 

14. A prosthesis according to any preceding claim, wherein the 
20 fibroblasts are non-randomly oriented. 

15. A prosthesis according to claim 14 wherein the fibroblasts are 
substantially aligned. 

25 16. A kit for producing a prosthesis according to claim 1 

comprising a fibroblast cell source or a device adapted for extracting 
fibroblasts from a mammalian body and a bioresorbable matrix 
material. 

30 17. A kit for producing a prosthesis according to claim 6 

comprising a fibroblast cell source or a device adapted for extracting 
fibroblasts from a mammalian body, a bioresorbable matrix material 
and a polymeric gel or a composition for forming the polymeric gel. 

35 18. A device for use in manufacturing a prosthesis according to 
claim 14 or claim 15, wherein the device comprises a chamber for 
maintaining fibroblasts in a viable condition, the chamber being 
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provided with means for releasably securing the matrix material and 
means adapted for applying strain to the matrix material along a 
single axis only. 

5 

1 9. A method of repairing or replacing damaged connective tissue 
in a human or animal, comprising incubating a biocompatible 
synthetic substantially bioresorbable matrix material in the presence 
of a suitable culture medium and of fibroblasts under suitable 

10 conditions for fibroblast seeding on or in the matrix and thereafter 
implanting the matrix seeded with fibroblasts into a host. 

20. A method according to claim 19 further comprising the step of 
applying strain to the matrix material when seeded with fibroblasts 

15 so as to cause non-random orientation of the fibroblasts. 



21 . A method according to claim 1 9 wherein the non-random 
orientation is a substantial alignment of fibroblasts. 

20 22. A method according to claim 20 or claim 21 wherein the 
fibroblasts are incorporated in a gel. 

23. A method according to claim 22 wherein the gel is a collagen 
gel or a fibrin gel. 
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cage (20) is introduced through an anterior procedure and m^i. tains or increases the lordosis between adjacent vertebral bone structures. 
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CONIC ALLY-SHAPED ANTERIOR FUSION CAGE 
AND METHOD OF IMPLANTATION 

BACKGROUND 
5 Field of the Invention 

The present invention is directed to devices and methods for 
facilitating the fusing of bone structures and more particularly the fusing 
together of adjacent vertebral bodies or bone structures. 

10 Background of the Invention 

Technical literature and patent documents disclose a number of 
devices and methods for fusing bones together. One such device which 
has proven to be successful is disclosed in U.S. Patent 4,961 ,740, entitled 
"V-THREAD FUSION CAGE AND METHOD OF FUSING A BONE JOINT," 

15 which patent has been assigned the present assignee and which patent is 
incorporated herein by reference. The referenced patent discloses a fusion 
cage which is preferably cylindrical and has a thread formed as part of the 
external cylindrical surface. The fusion cage defines an internal cavity and 
apertures through tht wall of the cage which communicate the external 

20 cylindrical surface with the internal cavity. The apertures are formed in 
the valleys of the thread. Normally two such cages are used to stabilized 
and fuse together adjacent vertebral bodies or bone structures. 

In practice, using a posterior approach, a patient's vertebral bone 
structures are exposed and degenerate disk material located between the 

25 vertebral bone structures is removed. A threaded tap is used to tap a 
complementary thread in the upper and lower vertebral bone structures 
preparatory to the insertion of the above fusion cage. Once such tapping 
has been accomplished, using an introduction tool, the fusion cage is 
screwed into the space between the adjacent vertebral bone structures. 

3 0 The thread bites into the bone of the upper and lower vertebral bone 
structures, stabilizing the bone structures, and preventing the fusion cage 
from working out of this position due to patient movement. Generally two 
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such fusion cages are applied using this technique. Once the two implants 
have been positioned, then bone growth inducing substances, such as 
bone chips, are packed into the internal cavity of the fusion cages. These 
bone growth inducing substances come into immediate contact with the 
bone from the vertebral bone structures which project into the internal 
cavity through the apertures. Such projection of bone is due to the fact 
that the apertures are formed in the valleys of the external thread of the 
fusion cage. Such immediate bone to bone contact between the vertebral 
bone structures and the bone pack within the fusion cages results in more 
rapid propagation of bone cells between the adjacent vertebral bone 
structures and thus a more rapid fusion of the adjacent vertebral bone 
structures. 

Summary of the Invention 

The present invention is directed to a fusion cage which has been 
designed to be implanted using an anterior approach to the vertebral bone 
structures. 

In a first embodiment of the present invention, the fusion cage 
includes a conically-shaped cage body having a proximal end and a distal 
end, said distal end having a diameter which is smaller than the diameter 
of the proximal end. The distal end further is rounded with for example 
a bull nose in order to facilitate the insertion of the cage body relative to 
one or more bone structures. The conically-shaped cage body is 
particularly advantageous for use with an anterior approach to vertebral 
bone structure fusion. This is due to the fact that the normal lordosis of 
the vertebral bone structures defines a wedged-shape space for a vertebral 
disk between, for example, lumbar vertebrae. Accordingly, the conically- 
shaped body cage can be sized and selected in order to maintain or 
enlarge upon the normal lordosis. 

In a second embodiment of the present invention, a fusion cage 
includes a conically-shaped cage body having a proximal end and a distal 
end with the distal end having a diameter which is smaller than the 
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diameter of the proximal end. The conically-shaped cage body has a 
conically-shaped outer surface and at least one flute formed in the 
conicaily-shaped outer surface. The flute acts as a relief much as the flute 
placed on self-tapping screws in order to facilitate the insertion of the 
5 fusion cage using a twisting motion between two vertebral bone 
structures. 

In a third embodiment of the invention, a fusion cage includes a 
conically-shaped cage body having a proximal end and a distal end, the 
distal end having a diameter which is smaller than the diameter of the 

10 proximal end. The conically-shaped cage body has a conically-shaped 
outer surface and a thread formed as part of the conically-shaped outer 
surface. The thread allows the cage body to be inserted using an anterior 
approach. Due to the fact that the cage body is conically-shaped, the 
requirement for pretapping the vertebral bone structures to receive the 

15 fusion cage is eliminated with the fusion cage being self-tapping. Also the 
cage gradually spreads apart the vertebral bone structures as the cage is 
inserted in order to regain or enlarge the natural lordosis of the adjacent 
vertebral bone structures. As with other embodiments of the present 
invention, flutes can be provided through the thread in order to allow for 

20 enhanced thread tapping by the cage and for a smoother insertion of the 
fusion cage between the vertebral bone structures. Preferably two or 
three flutes would be formed spaced about the fusion cage in order that 
one flute would be engaging with or adjacent to an upper vertebral bone 
structures with another flute being engaging with or adjacent to a lower 

25 vertebral bone structure. Such a relationship maintains alignment of the 
fusion cage and prevent wandering as the fusion cage is introduced 
between the two vertebral bone structures. Without two or more flutes, 
wandering might occur due to the fact that the thread is only substantially 
engaged with the vertebral bone structures and not with the disk material 

30 between the vertebral bone structures, which disk material does not 
provide support to the thread. 
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in a further aspect of the invention, any of the above embodiments 
can be provided with a plurality of apertures through the fusion cage and 
an internal cavity with the apertures communicating between the internal 
cavity and the external surface of the fusion cage. Bone growth inducing 
substances, such as bone chips, can be packed into the internal cavity 
either before the fusion cage is inserted or after the fusion cage has 
reached a final insertion position. The bone chips come in contact with 
the vertebral bone structures through the apertures in order to facilitate 
fusion between the adjacent vertebral bone structures. 

In another aspect of the invention which can be included in any of 
the above embodiments, the cage body can have a round or bull nose 
distal end with one or more flutes formed in the round or bull nose distal 
end in order to enhance the self-tapping nature of the fusion cage. 

In yet another aspect of the invention, introduction tools allow the 
fusion cage to be accurately positioned between the vertebral bone 
structures. 

The method of the present invention affords access to adjacent 
vertebral bone structures using an anterior approach and procedure. Such 
anterior approach and procedure can be preferably performed 
laparoscopically using an introduction set including a cannula. A 
laparoscopic procedure is minimally invasive as the abdomen muscle tissue 
can be spread using a set of cannula of increasing size and a small 
opening thereby developed through which a fusion cage can be inserted. 
Such a procedure is less traumatic to the tissue than an alternate anterior 
approach and procedure, also known as an anterior lumbar interbody 
fusion, where an incision, perhaps up to five inches long is made, through 
the abdomen muscle tissue. It is to be understood however that either 
anterior approach and procedure can be used with the fusion cage and fall 
within the scope of the invention. 

After such access, using preferably a laparoscopic technique, 
degenerate disk material can be removed and, using a cannula and 
insertion tool, an appropriately shaped fusion cage can be screwed into 
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place between the vertebral bone structures in order to stabilize the 
vertebral bone structures and allow for fusion. Either preparatory to 
insertion of the fusion cage or after it has been inserted, bone chips or 
other bone growth inducing substances can be inserted into the fusion 
5 cage to promote bone to bone contact and subsequent fusion. 

It is to be understood that although the above-embodiments have 
been described with respect to the fusion of adjacent vertebral bodies or 
bone structures, that the present invention can be used to fuse together 
a variety of bone structures, in addition to being fused to one bone 
10 structure and used as, for example, a base for an implant. 

Other objects and advantages of the invention can be obtained 
through a review of the specification and the figures. 

Brief Description of the Figure 
15 Figure 1 is a partially sectional side view of an embodiment of the 

fusion cage of the invention. 

Figure 2 depicts a left end (distal end) view of the fusion cage of 
Figure 1 . 

Figure 3 depicts a right end (proximal end) view of the fusion cage 
20 of Figure 1 . 

Figure 4 depicts a view through line 4-4 of the fusion cage of Figure 

1. 

Figure 5 depicts the fusion cage of Figure 1 in conjunction with an 
introduction tool. 

25 Figure 6 depicts an alternative embodiment of the introduction tool. 

Figures 7, 8, and 9 depict the progressive stages in the method of 
inserting the fusion cage between adjacent vertebral bone structures. 

Figure 10 depicts a side view of an alternative embodiment of the 
fusion cage of the invention. 
30 Figure 1 1 depicts the left end (distal end) view of the fusion cage 

of Figure 10. 



WO 96/08205 



PCT/US95/11281 



-6- 

Figure 12 depicts the right end (proximal end) view of the fusion 
cage of Figure 1 0. 

Figure 13 depicts a side view of yet another embodiment of the 
fusion cage of the present invention. 

Figure 14 depicts a left distal end (distal end) view of the fusion 
cage of the invention of Figure 13. 

Figure 15 depicts a right end (proximal end) view of the fusion cage 
of the invention of Figure 13. 

Figure 16 depicts a sectional view taken through line 16-16 of 
Figure 13. 

Detailed Description of the Preferred Embodiment 
With respect to the figures in a particular Figure 1 , a side view of 
the preferred embodiment of the fusion cage 20 is depicted. Fusion cage 
20 includes a fusion cage body 22 which in this preferred embodiment is 
provided in the shape of a cone. Fusion cage 20 includes a distal end 24 
and a proximal end 26. The distal end 24 in a preferred embodiment is 
rounded or bull nosed in order to facilitate the insertion of the fusion cage 
20 relative to one or more bone structures. The proximal end 26 includes 
an opening 28 which communicates with an internal cavity 30 defined by 
the fusion cage 20. The opening 28 in a preferred embodiment is 
threaded so that it can receive an end cap or plug 32 (Figure 5). End cap 
32 is used to close off the proximal end 26 and retain bone growth 
inducing substances packed therein as described herein-below. As can be 
seen in Figure 5, end cap 32 includes a threaded bore 34 which is 
designed to receive an insertion tool. The threaded bore 34 has an initial 
unthreaded, hex-shaped section 35 which can be used with a socket 
wrench to tightly position end cap 32 in opening 28. The proximal end 26 
further define first and second peripheral indentations 36, 38. These 
peripheral indentations 36, 38 receive tangs from an insertion tool as 
described hereinbelow for facilitating the insertion of the fusion cage 20. 



WO 96/08205 



PCI7US95/11281 



A thread 40 is defined as part of the outer cylindrical surface 41 of 
the body 22. It is to be understood that the thread can be replaced with 
a plurality of discrete threads or a plurality of projections, ridges, 
protrusions, barbs, or spurs and be within the spirit and scope of the 
5 invention. 

The rounded distal end 24, and at least some of the turns of thread 
40 defined flutes or relief grooves 42, 44, and 46. (Figures 1, 2.) In a 
preferred embodiment, flutes 42, 44, and 46 meet at a central point 48 of 
the distal end 24 on the longitudal axis 50 of the fusion cage 20. In other 

10 embodiments the flutes can be smaller and not extend all the way to the 
central point 48 on the longitude axis 50. Still in other embodiments, the 
flutes can be eliminated from the distal end 24 and such embodiments are 
still within the spirit and scope of the invention. 

The flutes extend from the distal end 24 toward the proximal end 

is 26 as shown in Figure 1 with respect to flute 42. These flutes are defined 
by the sections 52 which are removed from the thread. In a preferred 
embodiment, the flutes become narrower as they approach the proximal 
end 26 due to the fact that thread relief for purposes of self-tapping 
becomes less important as the cage reaches a final resting position. As 

20 shown in other embodiments, the flutes can be deeper and extend from 
the distal end completely to the proximal end. Still further in other 
embodiments the flutes can be confined to the first several turns of the 
thread adjacent to the distal end and/or to just the distal end. 

As can be seen in Figures 1, 4, a plurality of apertures 54 are 

25 provided through wall 56 of the fusion cage 20. In a preferred 
embodiment, these apertures 54 are formed by broaching grooves 58 in 
the internal surface 60 of the interna javity 30. The effect of such 
roaching is to remove material from the valleys between the turns of the 
thread 40, thus defining the aperture 54. The advantages of such an 

30 arrangement are taught by the above-referenced U.S. Patent No. 
4,961,740, which patent is incorporated herein by reference and allows 
for immediate bone to bone contact between the vertebral bodies or bone 
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structures and the bone packed within the internal cavity 30 of the fusion 
cage 20. 

The apertures 54 in a preferred embodiment increase in size from 
smaller apertures closer to the distal end 24 to a larger aperture closer to 
5 the proximal end 26. This increase in size allows for more bone to bone 
contact. Alternatively in the embodiment as shown in Figure 1, all the 
apertures are of the same size. 

As can be seen in Figure 4, the apertures are clustered about a 
transverse axis 51 , both at the upper and lower end of the axis. This is 

10 so that in position, the apertures come into contact with the upper and 
lower vertebral bone structures (Figure 9) to encourage bone growth 
through the fusion cage from the vertebral bone structures. The lateral 
section of the fusion cage found along the other transverse axis 53 do not 
have apertures in order to prevent growth of disk material which might 

is interfere with the bone fusing process. 

A preferred embodiment of the conically-shaped fusion cage 20 
includes a fusion cage which is 23 millimeters in length having a distal end 
24 with a diameter of 14 millimeters and a proximal end 26 with a 
diameter of 18 millimeters. The cage body is a right circular cone. The 

20 thread has a pitch of 30° and there are ten turns per inch with a thread 
depth of .053 inches. Further the cage is made of a titanium material. 
Preferably this and the other disclosed fusion cages disclosed are 
machined. However, the processes such as molding can be used to 
accomplished formation of the fusion cages. 

25 The cage is inserted between vertebral bodies using an insertion 

tool 62 (Figure 5). Insertion tool 62 includes an inner handle 64 and an 
outer handle 66. The outer handle includes a bore 68 for receiving the 
inner handle 64. Handles 64, 66 include knobs 70, 72 respectively. The 
distal end of inner handle 64 defines a threaded shaft 74, having a reverse 

30 thread to facilitate easy removal, and the distal end of handle 66 define a 
cylindrical disk 76 which has first and second tangs 78, 80, projecting 
from the peripheral edge of the cylindrical disk 76. These tangs 78, 80 
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are designed to mate with the peripheral indentation 36, 38 of the fusion 
cage 20. For purposes of inserting the fusion cage between the vertebral 
bodies, the end cap 32 is inserted into the fusion cage 20 as shown in 
Figure 5. Then the threaded shaft 74 of the inner handle is introduced into 
5 the threaded bore 34 of the end cap 32. After this is accomplished, the 
outer handle 66 is slid over the inner handle 64 and the tangs 78, 80 are 
positioned into engagement with the indentations 36, 38. In this 
arrangement, the fusion cage 20 can be anteriorly inserted into the space 
between the vertebral body structure using the insertion tool 62. 

io An alternative embodiment of the insertion tool is shown in Figure 

6. In this figure, insertion tool 82 includes a handle 84 with a knob 86. 
At the end of the insertion tool 82 distal from the knob 86 is a cylindrical 
disk 88 which has first and second tangs 90, 92, which have the same 
function as the above tangs 78, 80. Extending from the center of the 

is cylindrical disk 88 along the centerline of the insertion tool 82 is a shaft 
94 which has a ball detent 96. For use with insertion tool 82, the 
threaded bore 34 of the end cap 32 would be replaced with a bore having 
a lip which could engage with the ball detent 96 of the insertion tool 82. 
The method for inserting the fusion cage 20 of Figure 1 using an 

20 anterior approach and procedure to the vertebral bodies is as follows. It 
is to be understood that although the focus of this discussion is on a 
laparoscopic procedure, that the anterior approach and procedure can also 
include a more invasive procedure where a long incision is made in the 
abdomen wall. 

25 With an anterior approach, using an introduction set such as 

described by way of example only, in U.S. Patent 4,863,430, entitled 
"INTRODUCTION SET WITH FLEXIBLE TROCAR WITH CURVED 
CANNULA," which is incorporated by reference, but however with larger 
diameter instruments, an amount of disk material is removed between the 

30 two vertebral bodies or bone structures which are to be fused together. 
This procedure is accomplished through a cannula position adjacent to the 
vertebral bone structures. With the same or a larger diameter cannula, the 
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fusion cage 20 can be introduced adjacent to the vertebral bone 
structures. In a first procedure, the fusion cage is packed with bone 
growth substances and the end cap 32 is affixed to the fusion cage 20. 
Insertion tool 62 is then secured to the fusion cage 20 and the fusion cage 
is guided through the cannula to a location adjacent to the upper and 
lower vertebral body such as presented schematically in Figures 7, 8, 9, 
by upper body 98 and lower body 100. In the initial position as shown in 
Figure 7, the fusion cage 20 is adjacent to the anterior sections 102, 104 
of the vertebral bodies 98, 100. As the introduction tool is turned, the 
thread 40 of the fusion cage 20 bites into the vertebral bodies 98, 100. 
Further turning of the introduction tool causes the fusion cage to move 
through the position shown in Figure 8 to the final resting position shown 
in Figure 9, where the distal end 24 is moved adjacent to the posterior 
sections 106, 108 of the vertebral bone structures 98, 100. As this 
occurs, the fusion cage 20 increases the lordosis or spacing between the 
vertebral bodies, basically distracting the vertebral bodies and causing the 
vertebral bodies to pivot about the posterior sections 106, 108, with such 
posterior sections acting like a hinge. It is noted that most of the 
distraction occurs adjacent to the anterior sections, but that distractions 
also occur at the posterior sections where the hinged effect is exhibited. 
Preferably, the lordosis is increased over the normal lordosis in order to 
stabilize the vertebral bone structures prior to fusion occurring. 
Stabilization occurs due to the fact that increased lordosis places 
additional stress on the anterior longitudinal ligaments which are part of 
the anatomy holding the vertebral bodies in place. 

Once the fusion cage 20 is appropriately positioned, the handle 64 
of the insertion tool 62 is unscrewed from the cap 32 and the insertion 
tool 62 is pulled away from the fusion cage. 

An alternative embodiment of a fusion cage 200 is shown in Figures 
10, 11, and 12. Fusion cage 200 includes a distal end 202 and an a 
proximal end 204. Fusion cage 200 includes an internal cavity 206. End 
caps not shown can be used to close the ports 208, 210 of distal and 
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proximal ends 202, 204. A plurality of threads 212 is defined on the 
external conical surface 214 of the fusion cage 200. Defined by the 
thread 212 are first and second flutes 216, 218, which in this embodiment 
extend from the distal end 202 to the proximal end 204. These flutes 
5 provide thread relief allowing the fusion cage 200 to be self-tapping. 

The fusion cage 200 includes a plurality of elongated apertures 220 
which are formed through the side walls of a fusion cage 200. The 
elongated apertures 202 are formed in such a way that the internal conical 
surface 214 is spaced away from the internal surface 224 of the internal 
10 cavity 206 by the thickness of the sidewall 222. 

A further embodiment of the invention is shown in Figures 13, 14, 
15 and 16. In Figure 16 the fusion cage 300 has distal and proximal ends 
302 and 304 respectively. The fusion cage 300 defines an internal cavity 
306, and ports 308 and 310 defined through the distal and proximal ends 
15 302 and 304 respectfully. A thread 312 is defined as part of the external 
conical surface 314 of the fusion cage 200. First, second and third flutes 
316, 318, and 320, are defined in the thread 312 from the distal end 302 
to the proximal end 304. These flutes give the fusion cage 300 an 
enhanced self-tapping advantage. These flutes are equally spaced about 
20 the fusion cage 300 in a manner similar to the flutes of the fusion cage 
embodiment 20 in Figure 1. 

A plurality of aperture 322 is provided through the external conical 
surface 314 of the fusion cage 300 and through the side wall 324 opening 
into the internal cavity 306. Accordingly, at the location of the aperture 

2 5 322 the external surface 314 is held away from the internal surface 326 

by the Sickness of the side wall 324. 

Industrial Applicability 

The present invention affords the advantages of a fusion cage 

3 0 which can be introduced through an anterior approach in order to maintain 

or increase lordosis between adjacent vertebral bodies. The fusion cage 
has the advantage of being conically-shaped and self-tapping through the 
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use of external flutes. The flutes additionally assist in keeping the fusion 
cage aligned and centered as the cage is being inserted between the 
vertebral bone structures. 

Other advantages, aspects, and objects of the invention can be 
5 obtained through a review of the claims and the appended figures. 

It is to be understood that additional embodiments of the invention 
can be constructed and fall within the spirit and scope of the claims. 
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We claim; 

1. A fusion cage for promoting fusion with one or more bone 
structures comprising: 

a conically-shaped cage body having a pro nal end and a distal 
end, said distal end having a diameter which is smaller than a diameter of 
said proximal end; and 

said distal end be.ig rounded in order to facilitate insertion relative 
to one or more bone structures. 

2. The fusion cage of claim 1 including: 

said conically-shaped cage body having a conically-shaped outer 
surface and at least one flute formed in the conically-shaped outer surface. 

3. The fusion cage of claim 2 including: 

said conically-shaped cage body wherein said flute extends from 
the distal end toward the proximal end. 

4. The fusion cage of claim 2 including: 

at least three flutes formed in the conically-shaped outer surface. 

5. The fusion cage of claim 4 including: 

said three flutes are equally spaced about said distal end. 

6. The fusion cage of claim 2 including: 

said flute being additionally formed in the rounded distal end. 

7. The fusion cage of claim 4 including: 

said three flutes being additionally formed in the rounded distal end. 



8. The fusion cage of claim 1 including: 
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said conically-shaped cage body having a conically-shaped outer 
surface and a thread formed into said conically-shaped outer surface. 

9. The fusion cage of claim 8 including: 
at least one flute formed in the thread. 

10. The fusion cage of claim 8 including: 

said conically-shaped cage body having a conically-shaped outer 
surface and an internal cavity; and 

a plurality of apertures formed through the conically-shaped body 
which communicate said conically-shaped outer surface with said internal 
cavity. 

1 1 . The fusion cage of claim 1 including: 

said conically-shaped cage body is a right circular cone. 

12. A fusion cage for promoting fusion with between two spaced 
apart vertebral bone structures which have posterior sections and anterior 
sections and with a posterior interspace defined between the posterior 
sections and an anterior interspace defined between the anterior sections, 
said fusion cage comprising: 

a conically-shaped cage body having a proximal end and a distal 
end, said distal end having a diameter which is smaller than a diameter of 
said proximal end, with said distal end positionable in the posterior 
interspace between the posterior sections of the vertebral bone structures 
and with said proximal end positionable in the anterior interspace between 
the anterior sections of said vertebral bone structures in order to maintain 
the height of the anterior interspace larger than the height of the posterior 
interspace; and 

said conically-shaped cage body having a conically-shaped outer 
surface and a thread formed into said conically-shaped outer surface in 
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order to engage the vertebral bone structures as the cage body is inserted 
from the anterior interspace toward the posterior interspace. 

13. The fusion cage of claim 12 including: 

said distal end being rounded in order to facilitate insertion of the 
fusion cage between the vertebral bone structures, from the anterior 
interspace toward the posterior interspace. 

14. The fusion cage of claim 12 including: 
at least one flute formed in the thread. 

15. The fusion cage of claim 14 including: 

said flute extends from the distal end toward the proximal end. 

16. The fusion cage of claim 12 including: 
at least three flutes formed in the thread. 

17. The fusion cage of claim 1 6 including: 

said three flutes are equally spaced about said distal end. 

18. The fusion cage of clam 13 including: 

at least one flute being formed in the rounded distal end. 

19. The fusion cage of claim 18 including: 
three flutes being formed in the rounded distal end. 

20. The fusion cage of claim 12 including: 

said conically-shaped cage body having an internal cavity; and 
a plurality of apertures formed through the conically-shaped body 

which communicate said conically-shaped outer surface with said internal 

cavity. 
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21. The fusion cage of claim 12 including: 

said conically-shaped cage body is a right circular cone. 

22. A fusion cage for promoting fusion with one or more bone 
5 structures comprising: 

a conically-shaped cage body having a proximal end and a distal 
end, said distal end having a diameter which is smaller than a diameter of 
said proximal end; and 

said conically-shaped cage body having a conically-shaped outer 
10 surface and at least one flute formed in the conicaliy-shaped outer surface. 

23. The fusion cage of claim 22 including: 

said distal end being rounded in order to facilitate insertion relative 
to one or more bone structures. 

15 

24. The fusion cage of claim 22 including: 

said conically-shaped cage body wherein said flute extends from 
the distal end toward the proximal end. 

20 25. The fusion cage of claim 22 including: 

at least three flutes formed in the conically-shaped outer surface. 

26. The fusion cage of claim 22 including: 
three flutes equally spaced about said distal end. 

27. The fusion cage of clam 23 including: 
a flute formed in the rounded distal end. 

28. The fusion cage of claim 25 including: 
said distal end being rounded in order to facilitate insertion relative 
one or more bone structures; 



30 

to the 
and 
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said three flutes being additionally formed in the rounded distal end. 

29. The fusion cage of claim 22 including: 

a thread formed into said conically-shaped outer surface. 

5 

30. The fusion cage of claim 29 including: 
said at least one flute formed in the thread. 

31 . The fusion cage of claim 22 including: 

io said conically-shaped cage body an internal cavity; and 

a plurality of apertures formed through the conically-shaped body 
which communicate said conically-shaped outer surface with said internal 
cavity. 

15 32. An anterior fusion cage for promoting fusion between 

vertebral bone structures comprising: 

a conically-shaped cage body having a proximal end and a distal 
end, said distal end having a diameter which is smaller than a diameter of 
said proximal end, said distal end for initial insertion between vertebral 
20 bone structures from an anterior approach; 

said conically-shaped cage body having a conically-shaped outer 
surface and a thread with a plurality of turns formed into said conically- 
shaped outer surface, and a flute formed in at least one said turns; 

said conically-shaped cage body having an interior cavity; and 
25 a plurality of apertures formed through the conically-shaped body 

which communicate said conically-shaped outer surface with said internal 
cavity. 

33. The fusion cage of claim 32 including: 
3 0 sa d distal end being rounded in order to facilitate insertion 

between the vertebral bone structures from an anterior location towards 
a posterior location. 
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34. The fusion cage of claim 32 including: 

said conically-shaped cage body wherein said flute extends from 
the distal end toward the proximal end. 

35. The fusion cage of claim 32 including: 

at least three flutes formed in at least one of the turns. 

36. The fusion cage of claim 32 including: 
three flutes equally spaced about said distal end. 

37. The fusion cage of clam 33 including: 

said flute being additionally formed in the rounded distal end. 

38. The fusion cage of claim 33 including: 
three flutes are formed in the rounded distal end. 

39. A fusion cage for promoting fusion with one or more bone 
structures comprising: 

a conically-shaped cage body having a proximal end and a distal 
end, said distal end having a diameter which is smaller than a diameter of 
said proximal end; and 

said conically-shaped cage body having a conically-shaped outer 
surface and a thread formed into said conically-shaped outer surface. 

40. The fusion cage of claim 39 including: 

said distal end being rounded in order to facilitate insertion relative 
to one or more bone structures. 

41 . The fusion cage of claim 39 including: 
at least one flute formed in the thread. 

42. The fusion cage of claim 41 including: 
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said flute extends from the distal end toward the proximal end. 

43. The fusion cage of claim 39 including: 
at least three flutes formed in the thread. 

5 

44. The fusion cage of claim 43 including: 

said three flutes are equally spaced about said distal end. 

45. The fusion cage of clam 40 including: 

io at least one flute being formed in the rounded distal end. 

46. The fusion cage of claim 40 including: 
three flutes being formed in the rounded distal end. 

15 47. A fusion cage for promoting fusion with one or more bone 

structures comprising: 

a cage body having a proximal end and a distal end; and 
said cage body having an outer surface and at least one flute 
formed in the outer surface in order to facilitate the insertion of the fusion 
20 cage in the one or more bone structures. 

48. The fusion cage of claim 47 including: 

said distal end being rounded in order to facilitate insertion relative 
to one or more bone structures. 

25 

49. The fusion cage of claim 47 including: 

said flute extends from the distal end toward the proximal end. 

50. The fusion cage of claim 47 including: 

30 at least three flutes formed in the outer surface. 

51 . The fusion cage of claim 50 including: 
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three flutes are equally spaced about said distal end. 

52. The fusion cage of clam 48 including: 

said flute being additionally formed in the rounded distal end. 

5 

53. The fusion cage of claim 47 including: 

said cage body having a thread formed into said outer surface. 

54. The fusion cage of claim 53 including: 
10 said flute formed in the thread. 

55. The fusion cage of claim 1 in combination with an insertion 
tool, said fusion cage and said insertion tool including: 

said proximal end having a opening which communicates with an 
is internal cavity; 

an end cap which can fit into said opening in order to close off said 
internal cavity; 

said proximal end including at least one insertion tool receiving 
indentation; 

20 said end cap including an insertion tool receiving threaded bore; and 

said insertion tool having a tang for being received in said 
indentation and a threaded shaft for being received in said threaded bore, 
said insertion tool for being engaged with said fusion cage for inserting 
said fusion cage relative to the one or more bone structures. 

25 

56. The fusion cage of claim 10 including: 

said apertures are elongated in order to increase the amount of 
communication between the internal cavity and the one or more bone 
structures. 

30 

57. A method for fusing together two spaced apart vertebral 
bone structures which have posterior sections and anterior sections and 
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with a posterior interspace defined between the posterior sections and an 
anterior interspace defined between the anterior sections, with the height 
of the anterior interspace being about the same as or larger than the 
height of the posterior interspace, the method Comprising the steps of: 
5 accessing the vertebral bone structures from the anterior sections; 

selecting a fusion cage with a conically-shaped cage body having 
a proximal end and a distal end, said distal end having a diameter which 
is smaller than a diameter of said proximal end, with said distal end 
positionable in the posterior interspace between the posterior sections of 

10 the vertebral bone structures and with said proximal end positionable in 
the anterior interspace between the anterior sections of said vertebral 
bone structures in order to maintain the height of the anterior interspace 
relative to the height of the posterior interspace, and said conically-shaped 
cage body having a conically-shaped outer surface and a thread formed 

15 into said conically-shaped outer surface; 

position the fusion cage body adjacent to the anterior sections of 
the vertebral bone structures; 

causing said fusion cage to be inserted between the vertebral bone 
structures by moving the fusion cage from (1) a position with the distal 

20 end adjacent to the anterior section of the vertebral bone structures to (2) 
a position with the distal end adjacent to the posterior sections and the 
proximal end adjacent to the anterior sections of said vertebral body 
structures. 

25 58. The method of claim 57 including: 

said causing step includes turning the fusion cage so that the 
thread formed as part of the outer surfaces and engage the vertebral bone 
structures in order to hold the fusion cage in place and stabilize the 
vertebral bone structures. 



59. The method of claim 57 including: 
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said causing step includes turning the fusion cage so that the 
thread self-taps a complementary thread in the vertebral bone structures. 

60. A method of achieving a desired lordosis of the spinal 
column of a patient including the steps of: 

accessing the vertebral bone structures from the anterior; 

positioning a conically-shaped fusion cage adjacent to anterior 
sections of the vertebral bone structures using an anterior procedure; 

urging the conically-shaped fusion cage into the disk space between 
adjacent vertebral bone structures in a direction from the anterior to the 
posterior of the vertebral bone structures in order to restore a desired 
lordosis. 

61 . The method of claim 60 including the step of: 
preparatory to the positioning step, the step selecting a conically 

shaped fusion cage of an appropriate size in order to achieve the desired 
lordosis. 

62. The method of claim 60 including the step of: 
preparatory to the positioning step, the step of selecting a conically- 
shaped fusion cage of an appropriate size in order to stretch the anterior 
longitudinal ligaments in order to stabilize the vertebral bone structures 
about the fusion cage. 

63. The fusion cage of claim 10 including: 

said apertures increase in size from the distal end toward the 
proximal end. 

64. A fusion cage (1 ) for promoting fusion between two spaced 
apart vertebral bone structures which have posterior sections and anterior 
sections with a posterior interspace defined between the posterior sections 
and an anterior interspace defined between the anterior positions, and (2) 
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for achieving a desired lordosis as the fusion cage is implanted by urging 
the fusion cage from the anterior sections toward the posterior sections 
using an anterior approach, the fusion cage comprising: 

a conically-shaped cage body having a proximal end and a distal 
5 end, said distal end having a diameter which is smaller than a diameter of 
said proximal end, with said distal end positionable in the posterior 
interspace between the posterior sections of the vertebral bone structures 
and with said proximal end positionable in the anterior interspace between 
the anterior sections of said vertebral bone structures as the conically- 
10 shaped cage body is urged using an anterior approach from an initial 
position where the distal end is positioned adjacent to the anterior sections 
to a final position where the proximal end is positioned in the anterior 
interspace and the distal end is positioned in the posterior innerspace. 

is 65. The fusion cage of claim 64 including: 

said conically-shaped cage body having a conically-shaped outer 
surface and a thread formed into said conically-shaped outer space in 
order to engage the vertebral bone structures as the cage body is inserted 
from the anterior interspace toward the posterior interspace. 

20 

66. The fusion cage of claim 65 including: 

said distal end of said cage body is rounded in order to facilitate 
insertion between the vertebral body structures. 



25 67. The method of claim 57 including: 

using a laparoscopic procedure to access the vertebral bone 
structures and to insert the fusion cage. 

68. The method of claim 57 including: 
30 said causing step distracting the anterior sections more than the 

posterior sections, and for causing the vertebral bone structures to pivot 
about the posterior sections. 
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69. The method of claim 60 including: 

using a laparoscopic procedure to access the vertebral bone 
structures and to insert the fusion cage. 

70. The method of claim 60 including: 

said urging step for distracting the anterior sections more than the 
posterior sections of the vertebral bone structures, and for causing the 
vertebral bone structures to pivot about the posterior sections. 

71 . A fusion cage for promoting fusion with one or more bone 
structures comprising: 

a cage body having a proximal end and a distal end, said distal end 
having a diameter which is smaller than a diameter of said proximal end; 
and 

said distal end being rounded in order to facilitate insertion relative 
to one or more bone structures. 

72. The fusion cage of claim 71 including: 

said cage body having an outer surface and at least one flute 
formed in the outer surface. 

73. The fusion cage of claim 72 including: 

said cage body wherein said flute extends from the distal end 
toward the proximal end. 

74. The fusion cage of claim 72 including: 

at least three flutes formed in the outer surface. 

75. The fusion cage of claim 71 including: 

at least one flute formed in the rounded distal end, 

76. The fusion cage of claim 71 including: 
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three flutes formed in the rounded distal end. 

77. The fusion cage of claim 71 including; 

said cage body having an outer surface and a thread formed into 
said outer surface. 

78. The fusion cage of claim 77 including: 
at least one flute formed in the thread. 

79. A fusion cage for promoting fusion with between two spaced 
apart vertebral bone structures which have posterior sections and anterior 
sections and with a posterior interspace defined between the posterior 
sections and an anterior interspace defined between the anterior sections, 
said fusion cage comprising: 

a cage body having a proximal end and a distal end, said distal end 
having a diameter which is smaller than a diameter of said proximal end, 
with said distal end positionable in the posterior interspace between the 
posterior sections of the vertebral bone structures and with said proximal 
end : sitionable in the anterior interspace between the anterior sections 
of said vertebral bone structures in order to maintain the height of the 
anterior interspace larger than the height of the posterior interspace; and 

said cage body having an outer surface and a thread formed into 
said outer surface in order to engage the vertebral bone structures as the 
cage body is inserted from the anterior interspace toward the posterior 
inters ace. 

80. The fusion cage of claim 79 including: 

said distal end being rounded in order to facilitate insertion of the 
fusion cage between the vertebral bone structures, from the anterior 
interspace toward the posterior interspace. 
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81. A fusion cage for promoting fusion with one or more bone 
structures comprising: 

a cage body having a proximal end and a distal end, said distal end 
having a diameter which is smaller than a diameter of said proximal end; 
and 

said cage body having an outer surface and at least one flute 
formed in the outer surface. 

82. The fusion cage of claim 81 including: 

said distal end being rounded in order to facilitate insertion relative 
to one or more bone structures. 

83. A fusion cage for promoting fusion between vertebral bone 
structures comprising: 

a cage body having a proximal end and a distal end, said distal end 
having a diameter which is smaller than a diameter of said proximal end, 
said distal end for initial insertion between vertebral bone structures from 
an anterior approach; 

said cage body having an outer surface and a thread with a plurality 
of turns formed into said outer surfaces- 
said cage body having an interior cavity; and 

a plurality of apertures formed through the body which 
communicate said outer surface with said internal cavity. 

84. The fusion cage of claim 83 wherein: 
a flute is formed in at least one of said turns. 

85. A fusion cage for promoting fusion with one or more bone 
structures comprising: 

a cage body having a proximal end and a distal end, said distal end 
having a diameter which is smaller than a diameter of said proximal end; 
and 



WO 96/08205 



PCT7US95/11281 



-27- 

said cage body having an outer surface and a thread formed into 
said outer surface. 

86. The fusion cage of claim 85 including: 
said cage body being conically-shaped. 

87. A fusion cage for promoting fusion with one or more bone 
structures comprising: 

a cage body having a proximal end and a distal end; and 

said cage body having at least one flute formed in the distal end in 

order to facilitate the insertion of the fusion cage in the one or more bone 

structures. 

88. The fusion cage of claim 87 including: 

said distal end being rounded in order to facilitate insertion relative 
to one or more bone structures. 

89. The fusion cage of claim 87 including: 

said flute extends from the distal end toward the proximal end. 

90. A method for fusing together two spaced apart vertebral 
bone structures which have posterior sections and anterior sections and 
with a posterior interspace defined between the posterior sections and an 
anterior interspace defined between the anterior sections, with the height 
of the anterior interspace being about the same as or larger than the 
height of the posterior interspace, the method comprising the steps of: 

accessing the vertebral bone structures from the anterior sections; 

selecting a fusion cage with a cage body having a proximal end and 
a distal end, said distal end having a diameter which is smaller than a 
diameter of said proximal end, with said distal end positionable in the 
posterior interspace between the posterior sections of the vertebral bone 
structures and with said proximal end positionable in the anterior 
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interspace between the anterior sections of said vertebral bone structures 
in order to maintain the height of the anterior interspace relative to the 
height of the posterior interspace, and said conically-shaped cage body 
having an outer surface and a thread formed into said outer surface; 
5 position the fusion cage body adjacent to the anterior sections of 

the vertebral bone structures; 

causing said fusion cage to be inserted between the vertebral bone 
structures by moving the fusion cage from (Da position with the distal 
end adjacent to the anterior section of the vertebral bone structures to (2) 
10 a position with the distal end adjacent to the posterior sections and the 
proximal end adjacent to the anterior sections of said vertebral body 
structures. 

91 . A fusion cage (1 ) for promoting fusion between two spaced 

is apart vertebral bone structures which have posterior sections and anterior 
sections with a posterior interspace defined between the posterior sections 
and an anterior interspace defined between the anterior positions, and (2) 
for achieving a desired lordosis as the fusion cage is implanted by urging 
the fusion cage from the anterior sections toward the posterior sections 

20 using an anterior approach, the fusion cage comprising: 

a conically-shaped cage body having a proximal end and a distal 
end, said distal end having a diameter which is smaller than a diameter of 
said proximal end, with said distal end positionable in the posterior 
interspace between the posterior sections of the vertebral bone structures 

25 and with said proximal end positionable in the anterior interspace between 
the anterior sections of said vertebral bone structures as the conically- 
shaped cage body is urged using an anterior approach from an initial 
position where the distal end is positioned adjacent to the anterior sections 
to a final position where the proximal end is positioned in the anterior 

30 interspace and the distal end is positioned in the posterior innerspace. 



92. The fusion cage of claim 91 including: 
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said conically-shaped cage body having a conically-shaped outer 
surface and a thread formed into said conically-shaped outer space in 
order to engage the vertebral bone structures as the cage body is inserted 
from the anterior interspace toward the posterior interspace. 

93. The fusion cage of claim 91 including: 

said posterior end of said cage body is rounded in order to facilitate 
insertion between the vertebral body structures. 

94. The method of claim 90 including: 

using a laparoscopic procedure to access the vertebral bone 
structures and to insert the fusion cage. 

95. The method of claim 90 including: 

said causing step distracting the anterior sections more than the 
posterior sections, and for causing the vertebral bone structures to pivot 
about the posterior sections. 

96. The method of claim 90 including: 

using a laparoscopic procedure to access the vertebral bone 
structures and to insert the fusion cage. 

97. The method of claim 90 including: 

said causing step for distracting the anterior sections more than the 
posterior sections of the vertebral bone structures, and for causing the 
vertebral bone structures to pivot about the posterior sections. 

98. A fusion cage for promoting fusion with between two spaced 
apart vertebral bone structures which have posterior sections and anterior 
sections and with a posterior interspace defined between the posterior 
sections and an anterior interspace defined between the anterior sections, 
said fusion cage comprising: 
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a cage body having a proximal end and a distal end, said distal end 
having a diameter which is smaller than a diameter of said proximal end, 
with said distal end positionable in the posterior interspace between the 
posterior sections of the vertebral bone structures and with said proximal 
end positionable in the anterior interspace between the anterior sections 
of said vertebral bone structures in order to maintain the height of the 
anterior interspace larger than the height of the posterior interspace. 
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THREADED FRUSTO - CONICAL INTERBODY 
SPINAL FUSION IMPLANTS 

B ACKGROUND OF THE! TNVRNT T ON 
Related Appl j rat j nn,s 

This application is a continuation in part of 
copending United States application Serial No. 08/3 96,414 
filed on February 27, 1995 which is a continuation-in-part 
of United States application Serial No. 08/074,781 filed on 
June 10, 1993, which is a continuation in part of United 
States application Serial No. 07/698,674 filed on May 10, 
1991 which is a divisional of application Serial No. 
07/205,935 filed on June 13, 1988, now United States Patent 
No. 5,015,247, all of which are incorporated herein by 
reference . 

This application is also a continuation-in-part 
of United States application Serial No. 08/390,131 entitled 
Interbody Spinal Fusion Implants filed on February 17, 
1995. 

Field of the Invent -Son 

The present invention relates generally to 
interbody spinal fusion implants, and in particular to 
spinal fusion implants configured to restore and maintain 
two adjacent vertebrae of the spine in anatomical lordosis. 
Descr iption of The R<=Oat-<=>d a-n- 

Interbody spinal fusion refers to the method of 
achieving bony bridging between adjacent vertebrae through 
the disc space, the space between adjacent vertebrae 
normally occupied by a spinal disc. Numerous implants to 
facilitate such a fusion have been described by Cloward, 
Brantigan, and others, and are known to those skilled in 
the art. Generally, cylindrical implants offer the 
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advantage of conforming to an easily prepared recipient 
bore spanning the disc space and penetrating into each of 
the adjacent vertebrae. Such a bore may be created by use 
of a drill. It is an anatomical fact that both the 
cervical spine and the lumbar spine are normally lordotic, 
that is convex forward. Such alignment is important to the 
proper functioning of the spine. Commonly, those conditions 
which require treatment by spinal fusion are associated 
with a loss of lordosis. 

Therefore, there exists a need for spinal fusion 
implants that permit for the restoration of anatomical 
lordosis . 

SUMMARY OF THE TWRNTTON 

The present invention is directed to a variety of 
interbody spinal fusion implants having at least a 
partially f rusto-conical configuration. In the preferred 
embodiment, the spinal fusion implants of the present 
invention have a body that is partially or fully frusto- 
conical shape substantially along the portion of the 
implant in contact with the adjacent vertebrae of the 
spine. The spinal fusion implants of the present invention 
have an external thread for engaging the adjacent vertebrae 
of the spine and have an insertion end and a trailing end. 
The external thread may have a variable or constant thread 
radius and/or a constant or variable thread height measured 
from the body of the implant. 

The spinal fusion implants of the present 
invention may be further modified so that while the upper 
and lower surfaces are portions of a frusto-cone, at least 
one side portion may be truncated to form a planar surface 
that is parallel to the central longitudinal axis of the 
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implant to form straight walls. These implants may have a 
more tapered aspect at the insertion end of the implant to 
facilitate insertion. The spinal fusion implants of the 
present invention may be relatively solid and/or porous 
and/or hollow, and may have surface roughenings to promote 
bone ingrowth and stability. 

The spinal fusion implants of the present 
invention may have wells extending into the material of the 
implant from the surface for the purpose of holding fusion 
promoting materials and to provide for areas of bone 
ingrowth fixation. These wells, or holes, may pass either 
into or through the implant and may or may not intersect. 
The spinal fusion implants of the present invention may 
have at least one chamber which may be in communication 
through at least one opening to the surface of the implant. 

Said chamber may have at least one access opening for 
loading the chamber with fusion promoting substances. The 
access opening may be capable of being closed with a cap or 
similar means. 

The spinal fusion implants of the present 
invention offer significant advantages over the prior art 
implants : 

1. Because the spinal fusion implants of the present 
invention are at least partially f rusto-conical in 
shape, those that taper from the leading edge to the 
trailing edge are easy to introduce and easy to fully 
insert into the spinal segment to be fused. In 
another embodiment, where the trailing edge of the 
implant is larger than the leading edge, the implant 
utilizes a tapered forward portion and an increasing 
thread height relative to the body from the leading 
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edge to the trailing edge to facilitate insertion. 

2 . The shape of the implants of the present 
invention is consistent with the shape of the disc, 
which the implants at least in part replace, wherein 
the front of the disc is normally taller than the back 
of the disc, which allows for normal lordosis. The 
implants of the present invention are similarly taller 
anteriorly than they are posteriorly. 

3 . The spinal fusion implants of the present 
invention conform to a geometric shape, which shape is 
readily producible at the site of fusion, to receive 
said spinal fusion implants. 

The spinal fusion implants of the present 
invention can be made of any material appropriate for human 
implantation and having the mechanical properties 
sufficient to be utilized for the intended purpose of 
spinal fusion, including various metals such as cobalt 
chrome, stainless steel or titanium including its alloys, 
various plastics including those which are bio- absorbable, 
and various ceramics or combination sufficient for the 
intended purpose. Further, the spinal fusion implants of 
the present invention may be made of a solid material, a 
mesh- like material, a porous material and may comprise, 
wholly or in part, materials capable of directly 
participating in the spinal fusion process, or be loaded 
with, composed of, treated or coated with chemical 
substances such as bone, morphogenic proteins, 
hydroxyapatite in any of its forms, and osteogenic 
proteins, to make them bioactive for the purpose of 
stimulating spinal fusion. The implants of the present 
invention may be wholly or in part bioabsorbable . 
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OBJECTS OF THE PRESENT TWENTTOKT 

It is an object of the present invention to 
provide a spinal fusion implant that is easily inserted 
into the spine, having a tapered leading end; 
5 It is another object of the present invention to 

provide a spinal fusion implant that tapers in height from 
one end to the other consistent with the taper of a normal 
spinal disc; 

It is yet another object of the present invention 
10 to provide a spinal fusion implant that is capable of 

maintaining anatomic alignment and lordosis of two adjacent 
vertebrae during the spinal fusion process; 

It is still another object of the present 
invention to provide a spinal fusion implant that is self 
15 stabilizing within the spine; 

It is yet another object of the present invention 
to provide a spinal fusion implant that is capable of 
providing stability between adjacent vertebrae when 
inserted; 

20 Ifc is still another object of the present 

invention to provide a spinal fusion implant that is 
capable of participating in the fusion process by 
containing, being composed of, or being treated with fusion 
promoting substances; 

25 It is further another object of the present 

invention to provide a spinal fusion implant that is 
capable of spacing apart and supporting adjacent vertebrae 
during the spinal fusion process; 

It is still further another object of the present 

30 invention to provide a spinal fusion implant that is 

consistent in use with the preservation of a uniform 
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thickness of the subchondral vertebral bone; 

It is another object of the present invention to 
provide a spinal fusion implant having a shape which 
conforms to an easily produced complementary bore at the 
fusion site; and 

It is a further object of the present invention 
to provide a frusto- conical spinal fusion implant which may 
be placed side by side adjacent to a second identical 
implant across the same disc space, such that the combined 
width of the two implants is less than sum of the 
individual heights of each implant. 

It is a further object of the present invention 
to provide a frusto- conical spinal fusion implant which may 
be placed side by side adjacent to a second identical 
implant across the same disc space, such that the combined 
width of the two implants is less than sum of the 
individual lengths of each implant. 

These and other objects of the present invention 
will become apparent from a review of the accompanying 
drawings and the detailed description of the drawings. 
BRIEF DESCRIPTION OF TTJE HR AWTNft.q 

Figure 1 is a side elevational view of the spinal 
fusion implant of the present invention having a body that 
is frusto-conical with an external thread having a 
substantially uniform radius. 

Figure 1A is an enlarged fragmentary view along 
line 1A of Figure 1 illustrating the surface configuration 
of the implant of Figure 1 . 

Figure IB is an enlarged fragmentary view along 
line 1A of Figure 1 illustrating an alternative embodiment 
of the surface configuration of the implant of the present 
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invention made of a cancellous material . 

Figure 1C is a cross sectional view along lines 
1C--1C of Figure IB illustrating the alternative embodiment 
of the surface configuration of the implant of the present 
invention made of a cancellous material. 

Figure ID is an enlarged fragmentary view along 
line 1A of Figure 1 illustrating an alternative embodiment 
of the surface configuration of the implant of the present 
invention made of a fibrous mesh- like material. 

Figure IE is a fragmentary view along line 1A of 
Figure 1 illustrating an alternative embodiment of the 
surface configuration of the implant of the present 
invention comprising a plurality of spaced apart posts. 

Figure IF is an enlarged fragmentary sectional 
view along lines IF- -IF of Figure IE illustrating the 
surface configuration of the implant of Figure IE. 

Figure 2 is an alternative embodiment of the 
spinal fusion implant of the present invention having a 
frus to- conical body with an external thread radius and 
thread height that are not constant. 

Figure 3 is as cross sectional view along line 3- 
-3 of the implant of Figure 2. 

Figure 4 is a side elevational view of an 
alternative embodiment of the spinal fusion implant of the 
present invention . 

Figure 5 is a side elevational view and partial 
cut-away of a segment of the spinal column in lordosis 
showing the spinal fusion implant of Figure 4 being 
implanted with a driving instrument from the posterior 
approach to the spinal column. 

Figure 6 is a side elevational view of an 
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alternative embodiment of the spinal fusion implant of the 
present invention having a f rusto-conical body and 
truncated sides . 

Figure 7 is an end view along line 7- -7 of the 
spinal fusion implant of Figure 6 shown placed beside a 
second identical implant shown in hidden line. 

Figure 8 is a side elevational view of an 
alternative embodiment of the spinal fusion implant of the 
present invention having a body with an irregular 
configuration. 

DETATT.F.D DRQHP tpttotj of twf. rt RRWTwns 
Referring to Figure 1, a side elevational view of 
the spinal fusion implant of the present invention 
generally referred to by numeral 20 is shown. The implant 
20 has a body 22 that is f rusto-conical in shape such that 
the body 22 has a diameter (root diameter) that is 
generally f rusto-conical . The body 22 has an insertion end 
24 and a trailing end 26. The insertion end 24 may include 
a tapered portion 25 to facilitate insertion of the spinal 
implant 20. in the preferred embodiment, when the implant 
20 is inserted from the anterior aspect of the spine, the 
body 22 of the implant 20 has a maximum diameter at a point 
nearest to the trailing end 26 and a minimum diameter at a 
point nearest to the insertion end 24. 

The implant 2 0 has an external thread 28 having 
a substantially uniform radius R, measured from the central 
longitudinal axis L x of the implant 20. The outer locus of 
the external thread 28 (major diameter) has an overall 
configuration that is substantially parallel to the 
longitudinal axis L x . While the major diameter of the 
implant 2 0 is substantially uniform, the external thread 28 
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may be modified at the leading edge by having initially a 
reduced thread radius to facilitate insertion of the 
implant 20 and may also be modified to make the external 
thread 28 self -tapping . In the preferred embodiment, the 
external thread 28 has a first thread 30 of a lesser radius 
than the radius R x of the remainder of the external thread 
28 to facilitate insertion of the implant 20. The second 
thread 32 has a greater radius than the first thread 30, 
but is still shorter than the radius R, of the remainder of 
the external thread 2 8 which is thereafter of constant 
radius . 

The body 22 is f rusto-conical substantially along 
the portion of the body 22 in contact with the adjacent 
vertebrae of the spine which allows for creating and 
maintaining the adjacent vertebrae of the spine in the 
appropriate angular relationship to each other in order to 
preserve and/or restore the normal anatomic lordosis of the 
spine. The substantially uniform radius R x of the external 
thread 28 of the implant 2 0 allows engaging the bone of the 
adjacent vertebrae in a position that counters the forces 
which tend to urge the implant 20 from between the adjacent 
vertebrae in the direction opposite to which the implant 2 0 
was implanted. The greater thread height measured from the 
body 22 near the leading end 24 of the implant 20 provides 
greater purchase into the vertebral bone and again enhances 
the stability of the implant 20. Further, the 

configuration of the external thread 2 8 increases the 
surface area of the implant 2 0 in contact with the 
vertebrae to promote bone ingrowth. 

The implant 20 has a recessed slot 34 at its 
trailing end 2 6 for receiving and engaging insertion 
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instrumentation for inserting the implant 20. The recessed 
slot 34 has a threaded opening 36 for threadably attaching 
the implant 20 to instrumentation used for inserting the 
implant 20. 

Referring to Figure 1A, the implant 20 has an 
outer surface 38 that is porous to present an irregular 
surface to the bone to promote bone ingrowth. The outer 
surface 38 is also able to hold fusion promoting materials 
and provides for an increased surface area to engage the 
bone in the fusion process and to provide further 
stability. The pores of the outer surfaces 38 are 
microscopic in size having a diameter that is less than 
1mm, in the range of 50-1000 microns, with 250-500 microns 
being the preferred diameter. It is appreciated that the 
outer surface 38, and/or the entire implant 20, may 
comprise any other porous material or roughened surface 
sufficient to hold fusion promoting substances and/or allow 
for bone ingrowth and/or engage the bone during the fusion 
process. The implant 2 0 may be further coated with 
bioactive fusion promoting substances including, but not 
limited to, hydroxyapatite compounds, osteogenic proteins 
and bone morphogenic proteins. The implant 20 is shown as 
being solid, however it is appreciated that it can be made 
to be substantially hollow or hollow in part. 

Referring to Figure IB, an enlarged fragmentary 
view along line 1A of Figure 1 illustrating an alternative 
embodiment of the surface configuration 3 8 of the implant 
of the present invention made of a cancellous material is 
shown. The cancellous material 50, similar in 

configuration to human cancellous bone, having interstices 
52 such that the outer surface 38 has a configuration as 
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shown in Figures IB and 1C. As the implant of the present 
invention may be made entirely or in part of the cancellous 
material 50, the interstices 52 may be present in the outer 
surface 33 8 and/or within the entire implant to promote 
5 bone ingrowth and hold bone fusion promoting materials. 

Referring to Figure ID, an enlarged fragmentary 
view along line 1A of Figure 1 illustrating an alternative 
embodiment of the surface configuration of the implant of 
the present invention made of a fibrous mesh- like material 

10 is shown. The mesh-like material 60 comprises strands 62 

that are formed and pressed together such that interstices 
64, capable of retaining fusion promoting material and for 
allowing for bone ingrowth, are present between the strands 
in at least the outer surface 3 8 of implant of the present 

15 invention. 

Referring to Figures IE and IF, a fragmentary 
view along line 1A of Figure 1 illustrating an alternative 
embodiment of the surface configuration 3 8 of the implant 
of the present invention comprising a plurality of spaced 

2 0 apart posts 70 is shown. The posts 7 0 have a head portion 

72 of a larger diameter than the remainder of the posts 70, 
and each of the interstices 74 is the reverse configuration 
of the posts 72, having a bottom 76 that is wider than the 
entrance to the interstices 74. Such a configuration of 
25 the posts 70 and interstices 74 aids in the retention of 

bone material in the surface 3 8 of the implant and further 
assists in the locking of the implant into the bone fusion 
mass created from the bone ingrowth. As the bone ingrowth 
at the bottom 76 of the interstices is wider than the 

3 0 entrance, the bone ingrowth cannot exit from the entrance 

and is locked within the interstice 74. The surface of the 
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implant provides for an improvement in the available amount 
of surface area which may be still further increased by 
rough finishing, flocking or otherwise producing a non 
smooth surface. 

In the preferred embodiment, the posts 70 have a 
maximum diameter in the range of approximately 0.1-2 mm and 
a height of approximately 0.1-2 mm and are spaced apart a 
distance of approximately 0.1-2 mm such that the 
interstices 74 have a width in the range of approximately 
0.1 to 2 mm. The post sizes, shapes, and distributions may 
be varied within the same implant. 



In the preferred embodiment, for use in the 
lumbar spine, the implant 20 has an overall length in the 
range of approximately 24 mm to 32 mm with 26 mm being the 
preferred length. The body 22 of the implant 2 0 has a root 
diameter at the insertion end 24 in the range of 8-20 mm, 
with 14-16 mm being the preferred root diameter at the 
insertion end, and a root diameter at the trailing end 26 
in the range of 10-24 mm, with 16-18 mm being the preferred 
diameter at the trailing end 26, when said implants are 
used in pairs. When used singly in the lumbar spine, the 
preferred diameters would be larger. 

In the preferred embodiment, the implant 2 0 has 
a thread radius R x in the range of 6 mm to 12 mm, with 9-10 
mm being the preferred radius R x . For use in the cervical 
spine, the implant 20 has an overall length in the range of 
approximately 10-22 mm, with 12-14 mm being the preferred 
length. The body 22 of the implant 20 has a root diameter 
at the insertion end 24 in the range of 8-22 mm, with 16-18 
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mm being the preferred root diameter at the insertion end 
when used singly, and 8-10 mm when used in pairs. The 
body 22 of the implant 20 has a root diameter at the 
trailing end 26 in the range of 10-24 mm, with 18-20 mm 
being the preferred root diameter at the trailing end 26 
when used singly, and 10-12 mm when used in pairs; a thread 
radius R 3 in the range of approximately 4-12 mm, with 9-10 
mm being the preferred radius R x when inserted singularly 
and 5-7 mm when inserted side by side in pairs. 

Referring to Figure 2, an alternative embodiment 
of implant 2 0 is shown and generally referred to by the 
numeral 120. The implant 120 has a body 122 similar to 
body 122 of implant 120 and has an external thread 128 
having a radius R 3 measured from the central longitudinal 
axis L 3 of the implant 120. The thread radius R 3 is not 
constant throughout the length of the implant 12 0 and the 
external thread 128 has a thread height that is also not 
constant with respect to the body 122 of the implant 120. 
In the preferred embodiment, the implant 120 has an 
external thread 128 with a radius R 3 that increases in size 
from the insertion end 124 to the trailing end 126 of the 
implant 12 0. 

Referring to Figure 3, a cross sectional view 
along line 3 --3 of the implant 12 0 is shown. The implant 
12 0 has an outer wall 144 surrounding an internal chamber 
146. The large and small openings 140 and 142 may pass 
through the outer wall 144 to communicate with the internal 
chamber 146. The internal chamber 146 may be filled with 
bone material or any natural or artificial bone growth 
material or fusion promoting material such that bone growth 
occurs from the vertebrae through the openings 14 0 and 142 
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to the material within internal chamber 146. While the 
openings 14 0 and 142 have been shown in the drawings as 
being circular, it is appreciated that the openings 140 and 
142 may have any shape, size configuration or distribution, 
suitable for use in a spinal fusion implant without 
departing from the scope of the present invention. 

The openings 14 0 and 142 are macroscopic in size 
having a diameter that is greater than 1 mm. The large 
openings 140 have a diameter in the range of 2 06 mm, with 
the preferred diameter being 3.5mm ; and the small openings 
have a diameter in the range of 1-2 mm, with 1 . 5 mm being 
the preferred diameter. 

The implant 120 has a cap 148 with a thread 150 
that threadably attaches to the insertion end 124 of the 
spinal fusion implant 12 0. The cap 14 8 is removable to 
provide access to the internal chamber 146, such that the 
internal chamber 146 can be filled and hold any natural or 
artificial osteoconductive , osteoinductive, osteogenic, or 
other fusion enhancing material. Some examples of such 
materials are bone harvested from the patient, or bone 
growth inducing material such as, but not limited to, 
hydroxyapatite, hydroxyapatite tricalcium phosphate; or 
bone morphogenic protein. The cap 148 and/or the spinal 
fusion implant 120 may be made of any material appropriate 
for human implantation including metals such as cobalt 
chrome, stainless steel, titanium, plastics, ceramics, 
composites and/or may be made of, and/or filled, and/or 
coated with a bone ingrowth inducing material such as, but 
not limited to, hydroxyapatite or hydroxyapatite tricalcium 
phosphate or any other osteoconductive, osteoinductive, 
osteogenic, or other fusion enhancing material. The cap 
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148 and the implant 120 may be partially or wholly 
bioabsorbable . 

Referring to Figure 4, a side elevational view of 
an alternative embodiment of the spinal fusion implant of 
the present invention generally referred to by numeral 52 0 
is shown. The implant 520 has a body 522 having a root 
diameter that is f rusto-conical in the reverse direction as 
that of implant 2 0 shown in Figure 1, in order to preserve 
and/or restore lordosis in a segment of spinal column when 
inserted from the posterior aspect of the spine. The body 
522 has an insertion end 524 and a trailing end 526. In 
the preferred embodiment, the body 522 of the implant 520 
has a minimum diameter at a point nearest to the trailing 
end 52 6 and a maximum diameter at a point nearest to the 
insertion end 524. The insertion end 524 may have an 
anterior nose cone portion 53 0 presenting a tapered end to 
facilitate insertion . 

The implant 52 0 has an external thread 528 having 
a substantially uniform radius R 6 measured from the central 
longitudinal axis L 6 of the implant 520, such that the 
external diameter of the external thread 528 (major 
diameter) has an overall configuration that is 
substantially parallel to the longitudinal axis L 6 . It is 
appreciated that the thread 528 can have a major diameter 
that varies with respect to the longitudinal axis L 6 , such 
that the major diameter may increase from the insertion end 
524 to the trailing end 526 or the reverse. The external 
thread 528 has a thread height measured from the body 522 
that increases from the insertion end 524 to the trailing 
end 526. 

Referring to Figure 5, a segment of the spinal 
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column S is shown with the vertebrae V x and V 2 in lordosis 
and an implant 520 shown being inserted from the posterior 
aspect of the spinal column S with an instrument driver D. 
The implant 520 is inserted with the larger diameter 
insertion end 524 first in order to in initially distract 
apart the vertebrae V x and V 2 which then angle toward each 
other posteriorly as the implant 52 0 is fully inserted. It 
is appreciated that the insertion of implant 52 0 does not 
require the adjacent vertebrae V x and V 2 to be placed in 
lordosis prior to insertion, as the full insertion of the 
implant 520 itself is capable of creating the desired 
lordotic angular relationship of the two vertebrae V x and 
V 2 . 

In the preferred embodiment, for use in the 
lumbar spine, the implant 520 has an overall length in the 
range of approximately 24 mm to 30 mm, with 26 mm being the 
preferred length. The body 522 of the implant 520 has a 
root diameter at the insertion end 524 in the range of 12- 
22 mm, with 16 mm being the preferred root diameter at the 
insertion end, and a root diameter at the trailing end 526 
in the range of 10-20 mm, with 14 mm being the preferred 
diameter at the trailing end 526. In the preferred 
embodiment, the implant 520 has a thread radius R 6 in the 
range of 6 mm to 12 mm, with 8 mm being the preferred 
radius R 6 . 

Referring to Figure 6, an alternative embodiment 
of the spinal fusion implant of the present invention 
generally referred to by the numeral 620 and a partial 
fragmentary view of a second identical implant, generally 
referred to by the numeral 621 are shown. The implant 620 
has a body 622 that is partially f rusto-conical in shape 
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similar to body 22 of implant 20 shown in Figure 1, and has 
an insertion end 624 and a trailing end 626. The body 622 
of the implant 620 has truncated sides 670 and 672 forming 
planar surfaces that are parallel to the longitudinal axis 
L 7 . In this manner, two implants 62 0 and 621 may be placed 
side by side, with one of the sides 670 or 672 of each 
implant with little space between them, such that the area 
of contact with the bone of the adjacent vertebrae is 
maximized. It is appreciated that the body 622 may also be 
cylindrical in shape and have truncated sides 670 and 672. 

The implant 620 has an external thread 628 having 
a radius R 6 measured from the central longitudinal axis 
L 7 that may be constant, such that the major 
diameter or outer locus of the external thread 
628 has an overall configuration that is 
substantially cylindrical. It is appreciated 
that the external thread 62 8 may have a thread 
radius R 7 that is variable with respect to the 
longitudinal axis L 7 such that the major diameter 
or outer locus of the external thread 62 8 has an 
overall configuration that is substantially 
f rusto-conical . 

Referring to Figure 7, an end view of the implant 
62 0 placed beside implant 621 is shown. The implant 62 0 
has a thread radius that is substantially constant and has 
a thread height measured from the body 622 that is greater 
at the sides 670 and 672. In this manner, two implants 620 
and 621 can be placed beside each other with the external 
thread 628 of each implant interdigitated allowing for 
closer adjacent placement of the two implants as a result 
of the substantial overlap of the external thread 62 8 at 
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the side 670 or 672 of the implants. 

Referring to Figure 8, an alternative embodiment 
of the implant of the present invention is shown and 
generally referred to by the numeral 700. The implant 700 
is similar in configuration to implant 2 0 shown in Figure 
1, except that the body 722 has an irregular configuration. 
The configuration of the body 722 has a root diameter D 
which is variable in size throughout the length of the 
implant 700 and, as shown in this embodiment, comprises 
larger diameter portions 750 and smaller diameter portions 
752. It is appreciated that each of the large diameter 
portions 750 may be of the same or different diameter and 
each of the smaller diameter portions 752 may be of the 
same or different diameter. 

The outer surface of the body 722 of implant 72 0 
may be filled with fusion promoting substances such that 
the smaller diameter portions 752 may hold such fusion 
promoting substances. If so filled, the composite of the 
implant 700 and the fusion promoting material could still 
produce an even external surface of the body 722 if so 
desired. 

While the present invention has been described in 
detail with regards to the preferred embodiments, it is 
appreciated that other variations of the present invention 
may be devised which do not depart from the inventive 
concept of the present invention. In particular, it is 
appreciated that the various teachings described in regards 
to the specific embodiments herein may be combined in a 
variety of ways such that the features are not limited to 
the specific embodiments described above. 

Each of the features disclosed in the various 
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embodiments and their functional equivalents may be 
combined in any combination sufficient to achieve the 
purposes of the present invention as described herein. 



* 
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What is claimed is: 

1. A frusto-conical interbody spinal fusion implant, 
comprising: 

a body having an insertion end, a trailing end and an 
outer surface; and 

an external thread for engaging said implant to 
adjacent vertebrae of the spine, the outer locus of said 
external thread forming a substantially frusto- conical 
configuration, said implant being made of a material 
appropriate for human implantation . 

2 . The implant of claim 1 in which said body has a 
substantially f rusto-conical configuration. 

3 . The implant of claim 1 in which said body has a 
substantially cylindrical configuration. 

4 . The spinal fusion implant of claim 1 in which 
said trailing end is larger than said insertion end. 

5. The spinal fusion implant of claim 1 in which 
said insertion end is larger than said trailing end. 

6 . The spinal fusion implant of claim 1 in which 
said implant comprises a bone ingrowth material. 

7. The spinal fusion implant of claim 1 in which 
said implant comprises a fusion promoting material. 

8. The spinal fusion implant of claim l in which 
said implant is at least in part bioabsorbable . 

9. The spinal fusion implant of claim 1 having a 
plurality of openings capable retaining fusion promoting 
material . 

11. The spinal fusion implant of claim l in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 
radius being substantially uniform throughout at least a 
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portion of said implant. 

12 . The spinal fusion implant of claim 1 in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 
radius being variable along the length of said implant . 

13 . The spinal fusion implant of claim 1 in which 
said external thread has a thread height measured from said 
body which is variable along the length of said implant. 

14. The spinal fusion implant of claim l in which 
said external thread has a thread height measured from said 
body which is substantially constant along the length of 
said implant . 

15 . The spinal fusion implant of claim 1 in which 
said outer surface is porous at least in part . 

16 . The spinal fusion implant of claim 1 in which 
said implant has an internal chamber and an access opening 
for accessing said internal chamber. 

17. The spinal fusion implant of claim 16 in which 
said internal chamber is capable of containing fusion 
promoting material. 

18. The spinal fusion implant of claim 16 in which 
said implant comprises a wall surrounding said internal 
chamber . 

19. The spinal fusion implant of claim 16 in which 
said wall has a plurality of openings passing therethrough 
in communication with said internal chamber. 

20. The spinal fusion implant of claim 16 in which 
said implant has means for closing said access opening. 

21. The spinal fusion implant of claim 1 in which 
said implant includes an engagement means for engaging 
instrumentation for the insertion of said implant. 



WO 96/40020 



PCT/US96/08618 



22 

22. The spinal fusion implant of claim 1 in which at 
least a portion of said outer surface comprises wells 
having at least partial walls. 

23 . The spinal fusion implant of claim 1 in which 
said implant is configured to be placed in close proximity 
in a side by side alignment to a second spinal fusion 
implant, said first and second implants when placed 
together having a combined overall width that is less than 
the sum of the individual maximum diameters of each of said 
first and second implants. 

24. The spinal fusion implant of claim 1 having a 
longitudinal central axis and at least one truncated side 
forming a planar surface parallel to said central axis. 

25. The spinal fusion implant of claim 24 in which 
said external thread has a thread height measured from said 
body which is greatest at said truncated side. 

26. A frusto-conical interbody spinal fusion implant, 
comprising: 

a body having an insertion end, a trailing end and an 
outer surface; and 

an external thread for engaging said implant to 
adjacent vertebrae of the spine, the locus of said external 
thread forming a substantially cylindrical configuration, 
said implant being made of a material appropriate for human 
implantation. 

27. The implant of claim 26 in which said body has a 
substantially frusto-conical configuration. 

28. The implant of claim 26 in which said body has at 
least in part a cylindrical configuration. 

29. The spinal fusion implant of claim 26 in which 
said trailing end is larger than said insertion end. 
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30. The spinal fusion implant of claim 26 in which 
said insertion end is larger than said trailing end. 

31. The spinal fusion implant of claim 26 in which 
said implant comprises a bone ingrowth material . 

5 32. The spinal fusion implant of claim 26 in which 

said implant comprises a fusion promoting material. 

33. The spinal fusion implant of claim 26 in which 
said implant is at least in part bioabsorbable . 

34. The spinal fusion implant of claim 26 having a 
10 plurality of openings capable retaining fusion promoting 

material . 

35. The spinal fusion implant of claim 26 in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 

15 radius being substantially uniform throughout the length of 

said implant . 

36. The spinal fusion implant of claim 26 in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 

2 0 radius being variable along at least a portion of said 

implant . 

37. The spinal fusion implant of claim 26 in which 
said external thread has a thread height measured from said 
body which is variable along the length of said implant. 

25 38. The spinal fusion implant of claim 26 in which 

said external thread has a thread height measured from said 
body which is substantially constant along at least a 
portion of said implant. 

39. The spinal fusion implant of claim 2 6 in which 

3 0 said outer surface is porous at least in part. 
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40. The spinal fusion implant of claim 26 in which 
said implant has an internal chamber and an access opening 
for accessing said internal chamber. 

41. The spinal fusion implant of claim 26 in which 
said internal chamber is capable of containing fusion 
promoting material. 

42. The spinal fusion implant of claim 40 in which 
said implant comprises a wall surrounding said internal 
chamber . 

43. The spinal fusion implant of claim 40 in which 
said wall has a plurality of openings passing therethrough 
in communication with said internal chamber. 

44. The spinal fusion implant of claim 40 in which 
said implant has means for closing said access opening. 

45. The spinal fusion implant of claim 26 in which 
one of said ends of said implant includes an engagement 
means for engaging instrumentation for the insertion of 
said implant , 

46. The spinal fusion implant of claim 26 in which at 
least a portion of said outer surface comprises wells 
having at least partial walls. 

47. The spinal fusion implant of claim 26 in which 
said implant is configured to be placed in close proximity 
in a side by side alignment to a second spinal fusion 
implant, said first and second implants when placed 
together having a combined overall width that is less than 
the sum of the individual maximum diameters of each of said 
first and second implants. 

48. The spinal fusion implant of claim 26 having a 
longitudinal central axis and at least one truncated side 
forming a planar surface parallel to said central axis. 
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49. The spinal fusion implant of claim 4 8 in which 
said external thread has a thread height measured from said 
body which is greatest at said truncated side. 

50. An interbody spinal fusion implant, comprising: 
5 a body having a substantially cylindrical 

configuration, an insertion end, a trailing end and an 
outer surface ; and 

an external thread for engaging said implant to 
adjacent vertebrae of the spine, the locus of said external 
10 thread forming a substantially cylindrical configuration, 

said implant being made of a material appropriate for human 
implantation . 

51. The spinal fusion implant of claim 50 in which 
said implant comprises a bone ingrowth material. 

15 52. The spinal fusion implant of claim 50 in which 

said implant comprises a fusion promoting material. 

53. The spinal fusion implant of claim 50 in which 
said implant is at least in part bioabsorbable 

54 . The spinal fusion implant of claim 50 having a 
2 0 plurality of openings capable retaining fusion promoting 

material . 

55. The spinal fusion implant of claim 50 in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 

25 radius being substantially uniform for at least a portion 

of said implant . 

56. The spinal fusion implant of claim 50 in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 
radius being variable along at least a portion of said 
implant . 
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57. The spinal fusion implant of claim 50 in which 
said external thread has a thread height measured from said 
body which is variable along at least a portion of said 
implant . 

58. The spinal fusion implant of claim 50 in which 
said external thread has a thread height measured from said 
body which is substantially constant along the length of 
said implant . 

59. The spinal fusion implant of claim 51 in which 
said outer surface is porous at least in part. 

60. The spinal fusion implant of claim 51 in which 
said implant has an internal chamber and an access opening 
for accessing said internal chamber. 

61. The spinal fusion implant of claim 60 in which 
said internal chamber is capable of containing fusion 
promoting material. 

62. The spinal fusion implant of claim 60 in which 
said implant comprises a wall surrounding said internal 
chamber. 

63. The spinal fusion implant of claim 60 in which 
said wall has a plurality of openings passing therethrough 
in communication with said internal chamber. 

64. The spinal fusion implant of claim 60 in which 
said implant has means for closing said access opening. 

65. The spinal fusion implant of claim 51 in which 
one of said ends of said implant includes an engagement 
means for engaging instrumentation for the insertion of 
said implant. 

66. The spinal fusion implant of claim 51 in which at 
least a portion of said outer surface comprises wells 
having at least partial walls. 
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67. The spinal fusion implant of claim 51 in which 
said implant is configured to be placed in close proximity 
in a side by side alignment to a second spinal fusion 
implant, said first and second implants when placed 

5 together having a combined overall width that is less than 

the sum of the individual maximum diameters of each of said 
first and second implants. 

68. The spinal fusion implant of claim 51 having a 
longitudinal central axis and at least one truncated side 

10 forming a planar surface parallel to said central axis. 

69. The spinal fusion implant of claim 68 in which 
said external thread has a thread height measured from said 
body which is greatest at said truncated side. 

70. A f rusto-conical interbody spinal fusion implant, 
15 comprising: 

a body having a substantially f rusto-conical 
configuration, an insertion end, a trailing end and an 
outer surface ; and 

an external thread for engaging said implant to 
20 adjacent vertebrae of the spine, said implant being made of 

a material appropriate for human implantation. 

71. The implant of claim 70 in which said the outer 
locus of said external thread forms a substantially 
cyl indr ical conf igurat ion . 

25 72. The spinal fusion implant of claim 70 in which 

said insertion end is larger than said trailing end. 

73 . The spinal fusion implant of claim 72 in which 
said insertion end comprises a tapered leading portion. 

74. The spinal fusion implant of claim 70 in which 
30 said trailing end is larger than said insertion end. 
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75. The spinal fusion implant of claim 70 in which 
said implant comprises a bone ingrowth material. 

76. The spinal fusion implant of claim 70 in which 
said implant comprises a fusion promoting material. 

77. The spinal fusion implant of claim 70 in which 
said implant is at least in part bioabsorbable . 

78. The spinal fusion implant of claim 70 having a 
plurality of openings capable retaining fusion promoting 
material . 

79. The spinal fusion implant of claim 70 in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 
radius being substantially uniform throughout the length of 
said implant . 

80. The spinal fusion implant of claim 70 in which 
said external thread has a thread radius measured from the 
longitudinal central axis of said implant, said thread 
radius being variable along the length of said implant. 

81. The spinal fusion implant of claim 70 in which 
said external thread has a thread height measured from said 
body which is variable along the length of said implant. 

82. The spinal fusion implant of claim 70 in which 
said external thread has a thread height measured from said 
body which is substantially constant along the length of 
said implant . 

83. The spinal fusion implant of claim 70 in which 
said outer surface is porous at least in part. 

84. The spinal fusion implant of claim 70 in which 
said implant has an internal chamber and an access opening 
for accessing said internal chamber. 
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85. The spinal fusion implant of claim 84 in which 
said internal chamber is capable of containing fusion 
promoting material . 

86. The spinal fusion implant of claim 84 in which 
5 said implant comprises a wall surrounding said internal 

chamber . 

87. The spinal fusion implant of claim 84 in which 
said wall has a plurality of openings passing therethrough 
in communication with said internal chamber. 

10 88. The spinal fusion implant of claim 84 in which 

said implant has means for closing said access opening. 

89. The spinal fusion implant of claim 70 in which 
one of said ends of said implant includes an engagement 
means for engaging instrumentation for the insertion of 

15 said implant. 

90. The spinal fusion implant of claim 70 in which at 
least a portion of said outer surface comprises wells 
having at least partial walls. 

91. The spinal fusion implant of claim 70 in which 

2 0 said implant is configured to be placed in close proximity 

in a side by side alignment to a second spinal fusion 
implant, said first and second implants when placed 
together having a combined overall width that is less than 
the sum of the individual maximum diameters of each of said 
25 first and second implants. 

92. The spinal fusion implant of claim 70 having a 
longitudinal central axis and at least one truncated side 
forming a planar surface parallel to said central axis. 

93 . The spinal fusion implant of claim 92 in which 

3 0 said external thread has a thread height measured from said 

body which is greatest at said truncated side. 
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94. The spinal fusion implant of claim 1 in which 
said implant has an upper and lower portion for engaging 
the bone of the adjacent vertebrae, said upper and lower 
surfaces comprising a plurality of macroscopic openings. 
5 95. The spinal fusion implant of claim 26 in which 

said implant has an upper and lower portion for engaging 
the bone of the adjacent vertebrae, said upper and lower 
surfaces comprising a plurality of macroscopic openings. 

96. The spinal fusion implant of claim 50 in which 
10 said implant has an upper and lower portion for engaging 

the bone of the adjacent vertebrae, said upper and lower 
surfaces comprising a plurality of macroscopic openings. 

97. The spinal fusion implant of claim 70 in which 
said implant has an upper and lower portion for engaging 

15 the bone of the adjacent vertebrae, said upper and lower 

surfaces comprising a plurality of macroscopic openings. 

98. The spinal fusion implant of claim 24 in which 
said external thread is continuous over at least a portion 
of said truncated side. 
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(57) Abstract 

An implant including a pair of screws (2) for 
screwing into respective vertebral facets (3), a pair of 
hooks (5) each consisting of a body (6) and a blade (7), 
said body having a through-bore for the screw, and said 
bore having a longitudinal axis at a suitable angle to the 
central longitudinal plane of the blade (7) such that the 
hook blade can suitably engage the posterior arch (9), 
a resilient connecting member (11) for holding apart 
the two screws and urging the blades (7) against the 
edges of the posterior arch, and nuts (23) for locking 
the connecting member and the hooks to the screws. 
Said implant takes up less space on the posterior side 
than known implants and thus avoids undesirable lumps 
under the skin, and the above-mentioned angular offset 
enables the hooks to engage a suitable area on the edges 
of the posterior arch, so that the surgeon is not required 
to perform preliminary cutting of the posterior arch. 

(57) Abrege- 



Cet implant comprend une pake de vis (2) des- 
tinees a fctre vissees chacune dans une facette vert6brale 
(3), une paire de crochets (5) constitu6s chacun d'un 
corps (6) et d'une lame (7), le corps 6tant perce* d'un 

al6sage de passage de la vis, dont l'axe longitudinal forme avec un plan longitudinal median de la lame (7) un angle approprie' pour permettre 
un appui convenable de la lame du crochet sur Tare posteneur (9), un organe (1 1) de liaison 61astique agissant en distraction entre les deux 
vis, et appliquant les lames (7) contre les bords de Tare posteneur, et des 6crous (23) de blocage de l'organe de liaison et des crochets sur 
les vis. Cet implant pr&ente un encombrement posteneur r6duit par rapport aux implants connus et 6vite done ainsi des saillies ggnantes 
sous la peau, et, grace au decalage angulaire precite\ les crochets peuvent prendre appui sur une zone ad6quate des bords de Tare post6rieur 
sans qu'il soit n6cessaire au chirurgien de tailler au pr6alable Tare postgrieur. 
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Implant pour le traitement chirurgical d'une fracture 
isthmique vertebrale" , 

La presente invention -a pour objet un implant pour 
le traitement chirurgical d'unu fracture isthmique verte- 
brale. Plus precisement 1 ' invention concerne le traitement 
chirurgical du spondylolisthesis du premier degre et de la 
spondylolyse par fracture isthmique. 

Si cette anomalie rachidienne est tres souvent 
decouverte chez de jeunes patients dont la moyenne d'age 
est de 11,5 ans et dont le pourcentage de cas le plus 
eleve (environ 73%) se trouve chez les jeunes filles, ce 
meme traitement se rencontre aujourd'hui egalement chez 
les adultes. Ainsi, il est estime que 5 a 7% de la popu- 
lation blanche presente une spondylolyse af fectant le plus 
souvent la vertebre L5, parfois L4 ou L3, et avec un 
listhesis dans seulement 60% des cas. 

II est generalement aujourd'hui admis que la 
spondylolyse est la consequence d'une surcharge mecanique 
de l'isthme avec fracture de fatigue secondaire. Au stade 
preliminaire de cette evolution, on rencontre assez 
souvent une sclerose de 1 ' isthine comme signe premonitoire 
de la spondylolyse. 

Cette surcharge resulte de deux mecanismes : 

1 -Une hyperlordose ( f onctionnelle, acquise ou congeni- 
tale) conduisant a un effet "casse-noisette" par hyper- 
pression du processus articulaire cranial sur l'isthme, la 
frequence de la spondylolyse dans les disciplines spor- 
tives conduisant a une hyperlordose (en particulier les 
gymnastes ) . 

2 - La spondylolyse se rencontre aussi en l f absence d'une 
hyperlordose et est due, dans ce cas, a une anomalie de 
developpement de la region isthmique : 1 f angle forme par 
la direction de la colonne articulaire inferieure de L5 
par rapport au plan posterieur du corps vertebral est en 
moyenne de 168° a la naissanoi et de 145° chez l'adulte 
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2 I 

europeen. II arrive que cette incurvation de 18 a 28° ne 
se produise pas en cours de de veloppement . II en resulte 
egalement un effet de "casse-noisette" de la part du 
processus articulaire proximal. 
5 De fait, tant que cette surcharge articulaire 

existe sur l'isthme, cette fracture ne peut se consolider 
spontanement ( pseudarthrose ) et peut entrainer des dou- 
leurs lombaires, parfois sclatiques ou neurales par 
compression des elements nerveux par le tissu au contact 
10 de la pseudarthrite. La fracture necessite alors un 

traitement chirurugical au stade de la pseudarthrose. 

Prealablement a toute intervention chirurgicale, 
un traitement probatoire doit etre effectue. Les diffe- 
rents traitements possibles sont les suivants : physio- 
therapie, therapeutiques medicamenteuses, infiltrations 
locales, gymnast ique lombaire, corset. Cependant, malgre 
ces traitements certains cas demandent une indication 
operatoire . 

On connait actuellement plusieurs techniques de 
reparation isthmique associant une greffe osseuse et une 
instrumentation qui sont les suivantes : 

- La premiere technique consiste a reconstruire la 
rupture des isthmus en inserant une vis dans la fracture. 
Ce procede presente 1 • avantage de la simplicity, mais 

25 aussi des inconvenients serieux : la vis diminue 1' inter- 

face osseuse au niveau de la rupture, ce qui peut conduire 
a un nombre important de pseudarthrose. De plus, il exige 
une immobilisation externe post-operatoire avec port d'un 
corset par le patient et enfin on observe des ruptures des 

30 vis. 

- La seconde technique consiste a combiner les vis 
avec des fils metalliques qui retiennent les transverses 
avec les lames posterieures . On realise ainsi une fixation 
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plus stable, ameliorant la cjuerison des ruptures. En 
revanche, ce procede est complique et ne permet pas 
d'eviter des ruptures de vis. Chez l'adulte, la plupart 
(90%) des interventions faites sur lyse isthmique sont 
actuellement des arthrodeses pLus ou moins etendues selon 
l'etat des disques. Ceci signifie qu'on realise des appuis 
sur les deux vertebres voisines de la vertebre fracturee, 
ce qui constitue un inconvenient evident puisque ces 
vertebres ne sont pas endommagees . 

- Selon une autre technique connue, 1* isthmus est 
reconstruit par une vis insereo dans la facade superieure 
et par un crochet positionne sur la lame de 1 ' arc verte- 
bral, la vis et le crochet etant dans le meme plan median 
general. Un ressort helicoidal est enfile sur la vis 
derriere le crochet et mis en compression contre le 
crochet par un ecrou, un second ecrou visse contre le 
premier assurant un contre blocage pour s'opposer a tout 
desserrage du premier ecrou. Deux dispositifs identiques 
sont ainsi montes sur les facottes et les bords corres- 
pondants de 1 1 arc posterieur de la vertebre. 

On obtient ainsi une fixation qui, quoique de 
volume relativement reduit, reste encore assez encombrante 
par la saillie en arriere de J 1 arc posterieur constitute 
par les deux ecrous, le crochet et le ressort. Ces parties 
saillantes se traduisent par des preeminences genantes 
sous la peau au niveau des epineuses. Ces preeminences 
sont accentuees par le fait que le corps du crochet est 
positionne en appui sur l'arc posterieur relativement prfes 
de l'epineuse. 

Un second inconvenient de ce type d 1 implant 
provient du fait que la compression du ressort n f est pas 
maitrisee par le chirurgien, ce qui signifie que celui-ci 
peut comprimer trop ou pas assez ce ressort. Dans tous les 
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cas, le ressort applique une charge axialement sur le 
crochet, qui presse les deux parties fracturees 1 1 une 
contre 1" autre. Lorsque la soucure de ces deux parties est 
terminee, le crochet ne peut plus etre deplace par la 
poussee du ressort et est done bloque. Par contre le 
ressort reste tou jours comprime et applique done sa charge 
sur les ecrous, ce qui a la longue provoque un arrachement 
de la vis de l'os de la facette, du a une poussee axiale 
du dit ressort sur la vis de sorte que la vis recule. En 
fait la vis recule alors de deux fagons, d'une part sous 
l'effet du ressort,. et aussi parce qu'elle est libre en 
rotation, ce mouvement de rotacion etant provoque par les 
vibrations dans le corps du patient au cours de son 
activite. La vis tend alors a sortir plus ou moins comple- 
15 tement de la facette de la vertebre, de sorte que la 

fracture du patient est ressoudee, mais avec une vis qui 
n'est plus maintenue en place et va done se deplacer de la 
distance necessaire a la decharge du ressort. II peut en 
resulter une saillie importam e au niveau de la peau du 
20 patient, qui necessite une seconde intervention chirurgi- 

cale pour enlever 1' implant. 

La vis peut du reste egalement reculer alors que 
la soudure des deux bords de La fracture n'est pas ter- 
minee, en fonction de la resistance plus ou moins grande 
25 des vis a 1 ' arrachement . 

Pour reduire ce risque, le chirurgien impose au 
patient de ne pas s'asseoir pendant 3 mois ce qui neces- 
site un lit medical sureleve et une rehausse de toilette 
a domicile tout en portant ur, corset. Chez 1' enfant ce 
type d' intervention se revele assez satisf aisant, mais par 
contre de nombreux echecs sont rencontres chez les adultes 
en raison des efforts appliques. 

Un autre inconvenient de cette technique connue 
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reside dans le fait que le chirurgien est oblige de 
tailler 1 ' arc posterieur pour offrir une surface d'appui 
suffisante au crochet, a 1 • emplacement prevu pour celui- 
ci. En effet, a cet endroit, .at a defaut d • une entaille 
appropriee , 1 1 arc posterieur n'offrirait pratiquement 
qu'une zone d'appui limitee a un angle du crochet. 

Enfin une autre technique connue dite "CD" 
(Cotrel-Dubousset), consiste a reconstruire 1' isthmus par 
une vis inseree dans le pedicule et un crochet positionne 
sur la lame de l'arc posteriour, la vis et le crochet 
etant relies par une tige. Ce montage est tres stable, 
mais presente 1 ' inconvenient d'etre relativement volumil 
neux, complique et onereux. 

L' invention a done pour but de proposer un implant 
agence de maniere a eviter les inconvenients des differen- 
tes realisations ci-dessus, notamment ayant un encombre- 
ment posterieur reduit. 

Conformement a 1 ' invention, 1 • implant pour le 
traitement chirurgical d'une fracture isthmique vertebrale 
comprend : 

- un premier sous -ensemble et un second sous- 
ensemble comportant chacun un element adapte pour etre 
fixe a une partie anterieure de la vertebre fracturee d'un 
c6te d'une epineuse de cette vertebre, et un organe adapte 
pour etre fixe a une partie poster ieure de la vertebre, 
cet organe etant associe a 1 'element precite, et les deux 
sous -ensembles etant orientes liuivant des axes divergents 
de part et d' autre de 1' epineuse, 

- un organe de liaison entre lesdits premier et 
second sous-ensembles, monte de maniere a pouvoir rappro- 
cher l'un de 1' autre ledit element et ledit organe de 
chaque sous-ensemble, 

- et chaque sous-ensemble est pourvu de moyens de 
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retenue aptes a eviter la dissociation desdits elements et 
desdits organes adaptes pour etre fixes a une partie 
posterieure de la vertebre. 

Selon un mode de realis ation de 1 ' invention 1'or 
gane de liaison est elastique, et agence pour developper 
sur lesdits elements des forces de distraction dirig ees 
suivant les directions axiales des elements et qui tendent 
a appl iquer contre le bQrd fl . un ^ ^^.^ 

organes fixes a ladite partie posterieure de la vertebre 

Suivant un mode de realisation prefere lesdits 
elements destines a etre fixes a la partie anterieure de 
la vertebre sent des vis adaptees pour etre vissees dans 
les facettes vertebrales, lesdits organes destines a etre 
flX6S * Une Partie Posterieure de la vertebre sont des 
crochets monopiece comprenant c:hacun un corps et une lame 
le corps etant perce d • un alesage de passage de la vis 
associee, et 1 • alesage du corps des crochets a un axe 
longitudinal qui forme avec un plan longitudinal median de 
la lame un angle approprie pour permettre un appui conve- 

nable de la lame du crochet q,,r ,,r> k«^>. 

u t ' rocnet sur un bord correspondant de 
1 arc posterieur de la vertebre. 

Le fait de decaler angulairement 1 • axe longitu- 
dinal de la vis par rapport au plan longitudinal median de 
la lame du crochet permet d'ecrter de 1'epineuse la zone 
d appui de cette lame sur 1 • arc posterieur. Compte tenu de 
1 anatomie de 1'arc posterieur du patient on obtient 
axnsi une surface d' appui convenable pour la lame du 
crochet sans devoir entailler 1'arc posterieur, ou le cas 
echeant, en 1'entaillant tres legerement, ce qui constitue 
un avantage important par rapport a une des realisations 
connues rappelees ci-dessus. 

Par ailleurs, le fait de prevoir une liaison 
elastique entre les deux vis par un organe de liaison 
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agissant en distraction permet avantageusement, compte 
tenu en outre du fait que les deux vis sont orientees dans 
des directions divergentes, d'appliquer sur chaque cro- 
chet, par les extremites de ce H : organe de liaison compri- 
me, des forces axiales aux vis et dirigees vers les 
facettes superieures de la ver':ebre. Ces forces maintien- 
nent fermement les lames des crochets appliquees sur l'arc 
posterieur . 

Suivant un mode de realisation de 1* invention, 
1' organe de liaison elastique .a une forme sensiblement en 
double omega ou en M a sommei:s arrondis, relies par un 
raccord central arrondi autorisant le logement de l'epi- 
neuse d'une vertebre superieure adjacente, et les extremi- 
tes de cet organe de liaison sont constitutes par des 
embouts ayant un profil comp Lementaire de celui de la 
partie correspondante de chaque vis. 

Ainsi le profil de cet: organe de liaison formant 
une lame elastique, lui permet de venir s'inserer entre 
les epineuses de deux vertebres successives sans les 
toucher. D 1 autre part, ces embouts terminaux s'opposent a 
toute rotation des vis autour de leur axe, done a tout 
recul de ces vis par rotation, grace au profil conjugue 
des embouts et des zones d'appui correspondante des vis. 

D'autres particularitcis et avantages de l f inven- 
tion apparaitront au cours de la description qui va 
suivre, faite en reference aux dessins annexes qui en 
illustrent une forme de realisation a titre d'exemple non 
limitatif . 

La figure 1 est une vue en perspective a echelle 
agrandie d'une vertebre equipee d'une forme de realisation 
de l f implant pour le traitement chirurgical d'une fracture 
isthmique de cette vertebre . 

La figure 2 est une vue en perspective eclatee a 
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echelle agrandie de 1' implant 3e la Fig.i. 

La figure 3 est une vue en perspective a echelle 
agrandie de 1' implant des Fig. i e t 2 a l'etat assemble. 

La figure 4 est une vue de dessus a echelle 
5 agrandie de la vis et du croch.it de 1 • implant des Fig.l a 

3 . 

Les figures 5, 6 et 7 sont des vues en elevation 
laterale de trois autres modes de realisation possible des 
elements d'ancrage de 1 1 implant dans les facettes verte- 
10 brales. 

La figure 8 est une vue en perspective d'un second 
mode de realisation des crochets. 

La figure 9 est une vue en perspective d'un second 
mode de realisation possible d<; l'organe de liaison entre 
15 les elements d'ancrage de 1' implant. 

La figure 10 est une vue en perspective eclatee 
d'un troisieme mode de realisation possible de l'organe de 
liaison precite. 

La figure 11 est une vue mi -coupe mi-elevation 
20 longitudinale d'un quatrieme mode de realisation de 

l'organe de liaison. 

La figure 12 est unc vue en perspective d'un 
cinquieme mode de realisation possible de l'organe de 
liaison entre les elements d'ancrage de 1* implant. 

La figure 13 est unci vue en perspective d'un 
second mode de realisation possible des moyens de blocage 
de l'organe de liaison et des crochets sur les elements 
d ' ancrage . 

L ' implant est adapte, apres une greffe osseuse 
d'une fracture isthmique F (Fig.l) d'une vertebre, par 
exemple L5, pour le traitement chirurgical de cette 
fracture isthmique, sans devoir prendre appui sur des 
vertebres adjacentes non endommagees. La fracture F 
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s'etend sur les isthmes de cheque cote de 1 ' epineuse 4. 

L 1 implant 1 represents aux Fig.l a 4 comprend : 

a) une paire de vis 2 destinees a etre yissees 
chacune dans une facette superieure vertebrale 3 de 
maniere a peu pres symetrique de chaque cote de 1 ' epineuse 
4 et suivant des axes divergents, 

b) deux crochets 5 constitues monopiece chacun 
d'un corps 6 et d'une lame 7, Le corps 6 etant perce d'un 
alesage cylindrique 7 lisse de passage de la vis 2. L'axe 
longitudinal XX de cette derniere forme avec un plan 
longitudinal median P de la lame 7 un angle A approprie 
pour permettre un appui conven.ible de la lame 7 de chaque 
crochet 5 sur un bord correspondant 8 de l'arc posttrieur 
9 de la vertebre; 

c) un organe de liaison elastique 11 entre les 
deux vis 2, agissant en distraction, 

d) et des moyens de blocage de 1' organe de liaison 
11 et des crochets 5 sur les vis 2, constitues dans 
1 f exemple represents par des ecrous 23 . 

Le corps 6 du crochet 5 est decale vers 1 1 avant 
par rapport a la lame 7 c'est-a-dire vers la facette 3. En 
d'autres termes, la lame 7 est constitute d 1 une branche 
rectiligne 7a et d 1 une partiu incurvee 7h, la branche 
rectiligne reliant la partie incurvee 7h au corps 6. 

L 1 organe de liaison 11 a une forme sensiblement en 
double omega ou en M a sommets lis arrondis relies par un 
raccord central arrondi lib definissant une ondulation 
avec les sommets arrondis lLa. La forme arrondie du 
raccord central llh a l'opposn des sommets 11a permet a 
une epineuse d'une vertebre contigue de venir se loger a 
l'interieur de la boucle definie par le sommet arrondi lib 
sans toucher celui-ci. L* organe de liaison 11 peut ainsi 
etre insere entre deux epineuses contigues sans les toucher. 
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L'organe de liaison est de preference constitue 
par une lame metallique elastique dont les extremites sont 
constitutes par des embouts 12 ayant un profil complemen- 
taire de celui de la partie correspondante de chaque vis 
2. Par rapport au plan general du reste du ressort 11 les 
embouts 12 sont vrilles de facon a s'etendre, lorsque le 
ressort 11 est au repos, dans des plans decales angulaire- 
ment dudit plan general. Ce decalage angulaire est avanta- 
geusement realise dans un sens tel que, apres montage du 
ressort 11, les embouts 12 exercent une poussee elastique 
sur les crochets 5. De preference ce decalage est de 17 
degres, done egal a un angle A qui sera defini ci-apres en 
reference a la Fig. 4. 

Chaque embout 2 peut avantageusement presenter un 
profil polygonal 13, par exemp.ie partiellement hexagonal, 
dont les meplats peuvent venir s'appliquer sur un troncon 
14 a profil polygonal conjjugue du profil 13, done par 
exemple hexagonal et presentant ainsi une succession de 
six meplats longitudinaux 15. 

De ce fait les profils 13 des embouts terminaux 12 
peuvent venir s'appliquer dans la position angulaire 
choisie sur les meplats 15 correspondants, et dans la 
position axiale recherchee compte tenu de la longueur du 
troncon 14. 

Le troncon polygonal 14 de chaque vis 2 est 
prolonge d'un cote par une zone 16 a filets spongieux 17 
et ame conique 18 de raccordement avec le troncon 14. La 
partie filetee 17, de moindre diametre par consequent que 
la partie conique 18, se termine par un teton arrondi 19. 
La zone filetee 16 est destinee a penetrer dans la facette 
superieure 3 associee a 1 ' ensemble constitue par la vis 2 
et son crochet support 5 ( Fig . L ) . 

Du cote oppose a la zone filetee 16, le troncon 14 



WO 96/41582 



PCT/FR96/00839 



11 

se prolonge par une partie filetee metrique 21 sur laquel- 
le, a partir de son extremite, est forme au moins un 
meplat longitudinal 22. Dans l f exemple represents la 
partie filetee 21 comporte deux meplats 22 symetriques par 
rapport a 1 f axe longitudinal de la vis, et qui interrom- 
pent done le filet de la zone 21. 

Chaque corps 6, dont la surface externe peut etre 
partiellement cylindrique et partiellement plane sur ses 
cotes comme represents, peut <itre enfile d ' abord sur la 
partie filetee 21 puis sur le trongon lisse 14. Les ecrous 
23 peuvent etre visses chacun sur la partie filetee 21 
correspondante. Ces ecrous assurent le blocage des cro- 
chets 5 et de leur lame sur les zones choisies 8 des bords 
de l'arc posterieur 9, ainsi que le blocage des embouts 12 
dans leur position representee a la Fig. 3, ou ils coiffent 
partiellement les trongons 14 respectifs et sont interpo- 
ses entre les corps 6 et des rondelles 23a solidaires des 
ecrous 23 . 

Les ecrous de blocage 23 sont completes par un 
dispositif anti-recul de ces ecrous sur les tiges 2, 
constitue dans l'exemple illustre aux dessins par la 
combinaison d'une collerette cylindrique 24 lisse mono- 
piece avec I'ecrou correspondant 23, et du ou des meplats 
terminaux 22. En effet, 1 1 implant etant pose sur la vert6- 
bre L5 comme illustre aux Fig . 1 et 3, apres vissage des 
ecrous 23 par le chirurgien sur les extremites saillantes 
filetees 21 des tiges 2, chaque collerette 24 peut etre 
deformee au moyen d'une pince appropriee pour venir 
s'ecraser ou se plaquer sur In ou les meplats 22. Ainsi 
les collerettes ecrasees 24 empechent toute rotation 
ulterieure des vis 2 autour de leur axe, done tout recul 
et tout arrachement de ces vis des facettes 3. 

Le decalage angulaire A (Fig. 4) est oriente dans 
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le sens qui ecarte la zone d'.ppui des la.es incurvees 7 
de 1 epineuse centrale 4, par rapport a la zone d ■ appui 
que ces la.es auralent Si le plan general P contenait 
1 axe XX des vis 2. a titrn d'exemple numerique non 
limitatif, 1- angle A peut e.re avantageusement de 17 
degres environ. 

d'etr* H P ° Ur Pr ° C ' der * ^ P ° Se ^ ^-Pl-nt qui vient 
d etre decnt, le ohirurgien a .,it de la maniere suivante- 

a) il pratique une resection du tiers ou de la 
moitie inferieure de 1 ' artioulaire inferieure de la 
vertebre sus-Jacente a la faoette superieure 3 de la 
vertebre fracturee, par exemple articulaire inferieure L 
pour fracture isthmique de L... 4 

b) il fixe chaque vis 2 sur l a dite facette 3 
apres avoir pratique un trou de passage dans celle-ci au 
moyen d'un foret et d • un tarau.i, puis il enfile sur cette 
vis le corps 6 de chaque croch.t 5 Jusqu'a ce que la lame 
7 de ce dernier soit en appu. sur 1 - arc posterieur 9 a 
1 emplacement convenable, offr,nt une zone d' appui satis- 
faisante, compte tenu du decalage angulaire A entre 1'axe 
XX et le plan longitudinal median P. Get appui peut etre 
assure soit sans pratiquer aucune entaille sur l e bord 
vise 8, soit en y effectuant ur»e tres legere entaille ; 

c) le chirurgien monte 1'organe de liaison 
elastique 11 en rapprochant 1'un de 1 • autre les embouts 12 
pour mettre 1'organe 11 en distraction, et coiffe les 
troncons 14 par les embouts 12. Les meplats des profils 13 
viennent s'appliquer sur des meplats correspondents 15 
dans la position angulaire cholsie, en realisant un appui 
stable et solide des extremity 12 de 1'organe 11 SU r les 
vis 2. Apres sa mise en place, 1'organe de liaison 11 est 
done contraint en compression et exerce sur les corps 6 
done aussi sur les lames 7, des forces de distraction qui' 
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compte tenu de 1 ' orientation djvergente des vis 2, ont des 
composantes coaxiales aux vis 7 et qui tendent a maintenir 
fermement les lames 7 appliquees contre les bords 8 de 
l'arc 9, done les deux parties fracturees l'une contre 
5 1' autre. 

d) Le chirurgien visse les ecrous 23 sur les 
parties filetees 21 afin de bloquer en place l'organe de 
liaison 11 et les crochets 5, 

e) et enfin le chirurg:.en pince les collerettes 24 
10 au moyen d'un outil approprie, afin de les ecraser sur les 

meplats 22 et ainsi empecher tout recul des ecrous 23 par 
desserrage. 

Outre les avantages techniques deja mentionnes, 
1' invention presente les suivants : 
15 a ) Le decalage angulaj re A supprime la necessite 

de tailler l'arc posterieur 9. 

b) Le fait que le corps 6 du crochet 5 soit decale 
vers l'avant par rapport a sa lame incurvee 7, c f est-a- 
dire vers la facette 3, de telle sorte que sa branche 7a 

20 sensiblement rectiligne prolonge jusqu'au corps 6 la 

partie incurvee 7b de la lame 7, reduit 1 ' encombrement de 
1' implant derriere l'arc posterieur 9 par rapport a celui 
des implants anterieurs deciits connus. En effet la 
saillie posterieure par rapport aux bords 8 de l'arc 

25 posterieur 9 est alors notablement diminuee, ainsi que la 

saillie sous la peau du patient. 

c) Les vis 2 ne peuvent plus se devisser et done 
s'arracher des facettes 3. En effet les collerettes 24 
s'opposent a toute rotation de:s vis 2 autour de leur axe, 

30 done a tout recul de ces vis. ne plus il a ete expose ci- 

dessus que les embouts 12 exercent sur les vis 2 des 
forces de distraction dont les composantes axiales aux vis 
sont dirigees vers les facettes 3 et maintiennent done les 
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lames 7 fermement appliquees sur 1 * arc posterieur 9. Du 
fait que les ecrous 23 ne peuvent se desserrer, les 
composantes axiales des forces de distraction precitees 
contribuent egalement a maintenir les vis 3 dans les trous 
correspondants des facettes 3, done a s ' opposer a leur 
recul par rotation. 

d) Le fait de munir chaque vis 2 d'une zone 16 a 
filetage spongieux et a ame conique 18 permet d' assurer 
aux filets 17 une prise sur l'os largement superieure a un 
filet habituel; de plus apres percement des facettes (zone 
corticale, os spongieux puis nouvelle zone corticale ) le 
trou de passage de la vis 2 a ete legerement agrandi, et 
le cdne 18, en penetrant dans ce trou, permet de bien 
appliquer la vis 2 contre les parois du trou et done evite 

15 ainsi toute apparition de jeu. De ce fait la vis 2 est 

fermement bloquee sur l'os de la facette 3. Cette suppres- 
sion de tout jeu resulte de 3 a compression de la parol 
osseuse du trou, grace a 1 ' ame conique 18, qui reduit la 
profondeur des filets par rapport a celle de la zone des 

20 filets 17. 

e) Par rapport aux realisations anterieures 
connues, 1 • encombrement derriere les lames ou bords 8 de 
l'arc posterieur 9 est encore reduit grace a la mise en 
oeuvre des collerettes 24 anta -recul. En effet celles-ci 

25 sont moins encombrantes que des contre-ecrous, le gain de 

longueur etant d' environ 1/2 eorou. Ainsi, dans la mesure 
ou le chirurgien effectue un choix judicieux de la lon- 
gueur des vis 2, les extremLtes arriere de celles-ci 
debordent tres peu par rapporr aux bords posterieurs de 

30 l'arc 9. 

La tres bonne tenue de la vis d ' ancrage 2 est 
obtenue grace a la forme du filetage dans l'os, le filet 
spongieux 17 ayant en effet la particularity de presenter 
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une surface d'appui maximum dans un volume minimum. La fin 
de filet dont le noyau 18 est conique assure une meil- 
leure resistance de la vis a la flexion, car des efforts 
dans ce sens sont appliques lois de la mise en position de 
5 l'organe de liaison elastique 11. Ces efforts sont deve- 

loppes par la reaction de l'effet ressort lors de la mise 
en compression de cette lame 1L. 

La liaison entre vis 2 et crochet 5 est effectuee 
de maniere a laisser une libarte de translation et de 
10 rotation du crochet 5 sur la vls 2, permettant au crochet 

de se positionner dans les meilleures conditions sur l'arc 
posterieur. Cette liaison a aussi pour fonction, par 
1 ■ intermediaire de la lame ressort 11 ainsi que par le 
positionnement angulaire des deux vis 2, de creer une 
15 action du type ressort sur les crochets (effet amortis- 

seur) permettant a ces derniers d'etre tou jours en action 
sur la greffe osseuse. 

Les corps des vis 2 etcmt de forme hexagonale dans 
leur partie centrale 14, ainsi que les profils 13 de 
20 prehension de l'organe elastique 11, cet agencement 

autorise un mouvement de translation entre ces deux 
elements et ainsi permet 1' effet amortisseur precite. 

Par centre, ces deux pieces 2 et 11 sont bloquees 
en rotation, ce qui evite le devissage de la vis a os 2 
25 dans son encastrement osseux. 

On a represents aux Fig. 5 a 13 diverses variantes 
de realisation possibles de certains elements constitutifs 
de 1' implant selon 1' invention. 

La Fig. 5 montre ainsi un element d'ancrage dans 
30 une facette vertebrale const Ltue par une cheville 25 

completee par une tige filetee 27. 

La Fig. 6 illustre une troisieme possibility dans 
laquelle l 1 element d'ancrage e:st constitue par un crochet 
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28 prenant appui sur la facette 3 et complete par une tige 
filetee 29, et enfin 

La Fig. 7 montre une quatrieme variante dans 
laquelle 1' element d ' ancrage est forme par une vis 31 
equipee d'un ecrou 32 prenant appui derriere la facette 
vertebrale 3. 

Ces modes de realisation sont toutefois moins 
avantageux que les vis 2 illustrees aux Fig.l a 4 car leur 
mise en place presente des difficultes. De plus le 
demontage d'une cheville 25 et d'un ecrou 32 n'est pas 
possible. 

La Fig. 8 montre un crochet 33 dont la lame 34 a un 
profil en v ou U arrondi et dont le corps 35 est decale 
vers l'extremite libre de 1'un.j 34 a des branches 34 a , 34b 
de la lame 34, a savoir vers l'avant c'est-a-dire vers la 
facette correspondante 3. Dam; le corps 35 est perce un 
alesage 36 de passage de la tige de 1' element d' ancrage 
tel que 2. Le corps 35 s'etend dans le plan moyen general 
de la lame 34 et ne presente done pas le decalage angu- 
laire A decrit ci-dessus en reference a la Fig. 4. II est 
perce d'un trou lateral 37 pour le passage d'une vis de 
fixation de 1' element d' ancrage traversant 1 • alesage 36. 
Le decalage du corps 35 vers Vavant presente l'avantage 
de diminuer 1 ' encombrement posterieur du crochet au niveau 
25 de l'arc vertebral. ToutefoLs 1' absence de decalage 

angulaire entre le corps 35 et son alesage 36 et le plan 
general de la lame 34 rend ce crochet moins avantageux que 
le crochet 5 du premier mode d-2 realisation decrit. 

La Fig. 9 montre une premiere forme de realisation 
possible de l'organe de liaison entre les elements d' an- 
crage 2, 27, 29, 31. Cet organ.; est ici const itue par une 
barrette 38 dans les extremites de laquelle sont menages 
deux trous 39, 41 dont 1 • un (41) est oblong. Ces trous 
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sont adaptes pour le passage des elements d ' ancrage 
respectifs, le trou oblong 4 permettant, avant blocage, un 
reglage de la position transversale de 1' element d 1 ancrage 
correspondant au moyen d 1 une pince de distraction. La 
barrette 38 assure done une .' iaison monobloc. Elle est 
relativement difficile a mettre en place et ne produit 
aucune action de ressort, contrairement a 1' organe de 
liaison 11 decrit en reference aux Fig.l a 4. 

Le troisieme mode d(i realisation possible de 
1 ' organe de liaison, represents a la Fig. 10, est constitue 
par la combinaison d'un ressort lame 42 sensiblement en 
forme de U arrondi et a extremites 43 recourbees, et de 
deux ressorts spirales tels que 44. Ces derniers sont 
associes chacun a une extremj te 43 de telle sorte que 
1* element d* ancrage respectif puisse traverser l'extremite 
recourbee 43 et le ressort spirale associe 44, lequel 
apres blocage de l f ensemble est comprime et exerce une 
poussee elastique sur le crochet 5 (ou 33). Cette variante 
de realisation presente toutefois 1 ' inconvenient d'etre 
relativement encombrante en direction posterieure. 

La Fig. 11 illustre une troisieme forme de realisa- 
tion possible dans laquelle l f organe de liaison est 
constitue par un cylindre 4'5 contenant un piston 46 
pouvant coulisser a 1 ' interieur du cylindre 45, dans 
lequel est loge un ressort 47 qui sollicite elastiquement 
le piston 46 vers l'exterieur du cylindre 45. Sur les 
extremites de ces derniers sont articulees des bagues 
respectives 48, pouvant etre enfilees sur les elements 
d f ancrage de 1 ' implant et touinees d'un angle approprife, 
de preference de 17° comme 1 ' angle A. La liaison produite 
par ce dispositif est done elastique grace a la compres- 
sion du ressort 47. Toutefois ce dispositif est d'une 
realisation relativement complexe. 
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La Fig. 12 illustre une cinquieme forme de realisa- 
tion de 1'organe de liaison ici constitue par un ressort 
49 sensiblement en arc de cercle, dont les extremites sont 
profilees pour constituer des embouts 51 complementaires 
des parties correspondantes d. ;S elements d ' ancrage Les 
embouts 51 sont avantageusemer.t decales angulairement du 
plan general du reste du ressort 49 lorsque ce dernier est 
au repos. Ce decalage angulaire est choisi dans un sens 
tel que, apres montage du ressort 49 sur les elements 
d< ancrage, les embouts 51 exercent une poussee elastique 
sur les crochets. De preference, le decalage angulaire 
des embouts 51 est egal a 1' angle A (Fig.4). 

La Fig. 13 montre une seconde forme de realisation 
possible des moyens de blocage de 1'organe de liaison (11 
15 38...) : ces moyens sont ici constitues par des rondelles 

52 dont les ouvertures centrales delimitent des pattes 
radiales flexibles 53, separees par des oeillets 54. Les 
pattes radiales 53 sont dimensionnees de facon a definir 
entre elles un diametre leger.unent inferieur a celui de 
1' element d' ancrage tel que 27 ou 29, de facon a pouvoir 
etre enfilees par friction sur ces elements d' ancrage et 
ensuite a interdire tout retour en arriere des rondelles 
52. Ces dernieres doivent etro realisees en un materiau 
biocompatible et qui ait une elasticity suffisante pour 
assurer un fonctionnement fiable, tel que 1 • acier inoxyda- 
ble. 

II convient encore d'ajouter que le fait que les 
embouts 12 ou 51 de 1'organe de liaison elastique 11, 59 
soient vrilles, de preference -le 17 degres par rapport au 
plan general du reste de cet organe, assure un excellent 
appui de ces embouts sur 1 ' arriere des crochets 5 et 
permet un coulissement aise sue les vis 2. 

L ' implant selon 1 ' invention presente l'avantage 
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important qu'aucun effet de traction n'est exerce sur les 
elements d ' ancrage tels que les vis 2. 
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RE VEND I C A T I ONS 

„, ImPlant U) P ° Ur le traitement chirurgical 

d une fracture isthmique vertebrale <F>, caracterise en ce 
qu'il comprend : 

- un premier sous-ensemble et un second sous- 
ensemble comportant chacun un element , 2 ) adapte pour etre 
fixe a une partie anterieure de la vertebre fracturee d'un 
cote d une epineuse (4) de ce.te vertebre, et un organe 
(5) adapte pour etre fixe a une partie posterieure de la 
vertebre, cet organe etant assccie a 1" element precite et 
les deux sous-ensembles etant orientes suivant des axes 
dxvergents de part et d" autre de 1' epineuse 

et second " ' * leSditS 

et second sous-ensembles, mo ,te de maniere a pouvoir 

rapprocber 1'un de 1'autre ledit element et ledit organe 
de chaque sous-ensemble, 

- et chaque sous -ensemble est pourvu de moyens de 
-tenue (23) aptes a evitex la dissociation Ldltl 
elements et desdits organes ad.ptes pour etre fixes a une 
partie posterieure de la vertebre. 

2. implant selon la r< indication 1, caracterise 
en ce que 1 'organe (11) de liaison est elastique et 
agence pour developper sur lesdits elements (2) des forces 
de dxstractxon ayant des composantes dirigees suivant les 
dxrectxons axiales des element,, et qui tendent a appliquer 
centre le bord d'un arc poster Leur de la vertebre lesdits 
organes (5) fixes a ladite partie posterieure de la 
vertebre. 

3. implant selon la r.vendication 2, caracterise 
en ce que lesdits elements destines a etre fixes a la 
partie anterieure de la vertebxe sont des vis (2) adaptees 
pour etre vxssees dans les facettes vertebrales, en ce que 
lesdxts organes (5) destines a etre fixes a une partie 
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posterieure de la vertebre sent des crochets monopiece 
comprenant chacun un corps < 6 ) et une lame (7), le corps 
etant perce d ' un alesage (10) de passage de la vis asso- 
ciee, et 1 ' alesage (10) du corps (6) des crochets ( 5 ) a un 
axe longitudinal (XX) qui form.; avec un plan longitudinal 
median (P) de la lame (7) un angle (A) approprie pour 
permettre un appui convenable oe la lame du crochet sur un 
bord (8) correspondant de l'arc posterieur (9) de la 
vertebre ( L5 ) . 

4. Implant selon la rovendication 3, caracterise 
en ce que chaque crochet ( 5 ) a une forme en U ou en V avec 
une branche (7a_) plus longue que 1 ' autre (7b) et qui porte 
le corps (6) au voisinage de son extremite libre. 

5. Implant selon la rcvendication 4, caracterise 
en ce que l'organe de liaison elastique (11) a une forme 
sensiblement en double omega ou en M a sommets arrondis 
(11a). relies par un raccord central arrondi (life) auto- 
risant le logement de l'epineuse d'une vertebre superieure 
adjacente, et les extremites de cet organe de liaison sont 
constitutes par des embouts (12) ayant un profil (13) 
complementaire de celui de la partie correspondante (14) 
de chaque vis ( 2 ) . 

6. Implant selon la ro.vendication 5, caracterise 
en ce que, lorsque le ressort (II) est au repos, les 
embouts (12) s'etendent dans d.>s plans decales angulaire- 
ment du plan general du reste du ressort, et ce decalage 
angulaire est realise dans un sens tel que, apres montage 
du ressort sur les elements d'ancrage (21), les embouts 
exercent une poussee elastique sur les crochets (5). 

7. Implant selon la rt-vendication 3, caracterise 
en ce que ladite partie (14) des vis (2) recevant les 
embouts terminaux (12) dudit organe de liaison (11) a une 
section polygonale et constitue un troncon conjugue d'un 
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profil polygonal interne (13) de chaque embout, lequel 
empeche ainsi toute rotation de la vis autour de son axe 
(XX). 

8. Implant selon la rovendication 7, caracterise 
en ce que le trongon polygonal (14) est prolonge d'un cote 
par une zone (16) a filet spongieux (17) et ame conique 
(18) destinee a penetrer dans la facette associee (3) de 
la vertebre (L5...), et du c5te oppose par une partie 
filetee (21), et en ce que lesdits moyens de blocage de 
I'organe de liaison (11) coitprennent des ecrous (23) 
visses chacun sur ladite partie filetee (21) afin de 
bloquer les embouts (12) de I'organe de liaison entre les 
corps (6) des crochets (5) et oes ecrous. 

9. Implant selon la rovendication 5, caracterise 
15 en ce que lesdits moyens (23) de blocage sont completes 

par un dispositif anti-recul des ecrous (23) sur les tiges 
(2). 

10. Implant selon la revendication 7, caracterise 
en ce que le dispositif anti-recul est constitue par la 

20 combinaison d'une collerette .24) monopiece avec chaque 

ecrou (23) et d'au moins un meplat longitudinal (22) 
forme sur ladite partie filetee (21) de chaque tige (2), 
la collerette pouvant etre cleformee apres vissage de 
l 1 ecrou afin de venir se plaquer sur le meplat. 
25 11 • Implant selon la revendication 3, caracterise 

en ce que l f angle (A) entre L 1 axe longitudinal (XX) de 
chaque vis (2) et le plan median ( P ) de la lame (7) du 
crochet (5) est d f environ 17 degres. 

12. Implant selon la revendication 2, caracterise 
en ce que les elements de fixation dans les facettes 
vertrebrales (3) sont des chevilles (25), equipees de vis 
(27) ou des crochets ( 28 ) , pro Longes par des vis ( 29 ) , ou 
des systemes vis-ecrous (31, 32). 
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13. Implant selon la revendication 2, caracterise 
en ce que les elements de fixation a ladite partie poste- 
rieure sont des crochets (33) ayant un profil en U ou en 
V avec un corps (35) decale vers l'extremite de 1 1 une 
(34^) des branches (34a, 35b) du U ou du V. 

14. Implant selon la revendication 1, caracterise 
en ce que I'organe de liaison est une barrette (38) dans 
les extremites de laquelle sont menages deux trous (39, 
41) dont l'un (41) est oblong, adaptes pour le passage des 
elements de fixation respectifs , le trou oblong permettant 
un reglage de la position transversale de l f element de 
fixation correspondant (2, 27, 29...). 

15. Implant selon la revendication 1, caracterise 
en ce que I'organe de liaison est forme par la combinaison 
d'un ressort lame (42) sensiblement en U et a extremites 
recourbees (43) et de deux ressorts spirales (44) associes 
chacuri a une extremite recourbae de telle sorte que cette 
derniere et le ressort spirale correspondants puissent 
etre traverses par l'element do fixation respectif (2...) 
avec production d'une poussee elastique sur le crochet (5) 
par le ressort spirale comprime. 

16. Implant selon la revendication 1, caracterise 
en ce que I'organe de liaison comporte un cylindre (45) 
contenant un piston (46) sollicite elastiquement vers 
l'exterieur du cylindre par un ressort (47) loge dans ce 
dernier, des bagues (48) etant articulees aux extremites 
du cylindre et du piston. 

17. Implant selon la revendication 3, caracterise 
en ce que I'organe de liaison est un ressort (49) sensi- 
blement en arc de cercle dont les extremites (51) sont 
profilees pour etre complementaires des parties correspon- 
dantes desdits elements de fixation (2. ), et forment des 
embouts situes, lorsque le ressort est au repos, dans des 
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plans decales angulairement du plan general du reste du 
ressort, ce decalage angulaire etant choisi dans un sens 
tel que, apres montage du ressort sur les elements d'an- 
crage, les embouts exercent un.; poussee elastique sur les 
crochets ( 5 ) . 

18. Implant selon la revendication 3, caracterise 
en ce que lesdits moyens de butee de 1 ' organe de liaison 

(11 ) et des crochets (5) sur les elements de fixation 

(2) sont des rondelles (52) dont les ouvertures centrales 
delimitent des pattes radiales flexibles (53) de friction 
et de retenue des rondelles sur lesdits elements de 
fixation. 

19. Procede de pose d ' un implant (1) selon l'une 
des revendications 3 a 17, selon lequel : 

a) on pratique une resection du tiers ou de la 
moitie inferieure de 1 ' artioulaire inferieure de la 
vertebre sus-jacente a la facette superieure (3) de la 
vertebre fracturee (L5), 

b) on fixe 1' element de fixation (2) sur ladite 
facette, on enfile sur cet element le corps ( 6 ) du crochet 
(5) jusqu'a ce que la lame (7) de ce dernier soit en appui 
sur l'arc posterieur (9) de la vertebre, 

c) on monte 1' organe (11) de liaison sur les 
elements d' ancrage, 

d) on met en place les moyens de butee (23. . . ) sur 
les elements de fixation. 

20. Procede selon la revendication 18, dans lequel 
1' organe de liaison (11) est elastique et a une forme 
sensiblement en double omega ou en M a sommets arrondis 
(11a) relies par un raccord central arrondi (life) auto- 
risant le logement de l'epineuse d'une vertebre superieure 
adjacente, et les extremites de cet organe de liaison sont 
constitutes par des embouts (12) ayant un profil (13) 
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complements ire de celui de la partie correspondante (14) 
de chaque vis (2) const! tuant les elements de fixation 
precites, et les moyens de butee comprennent des ecrous 
(23) prolonges par des colleiettes (24), procede selon 
lequel : 

a) on fixe la vis (2) S ur ladite facette, on 
enfile sur cette vis le corps (6) du crochet (5) jusqu'a 
ce que la lame ( 7 ) de ce dernier soit en appui sur l'arc 
posterieur (9) de la vertebre, 

b) on monte 1 'organe (11) de liaison elastique en 
compression sur les vis en coiffant les parties correspon- 
dantes (14) des vis (2) par les embouts (12) dudit organe, 

c) on visse les ecrous (23) sur les parties 
filetees (21) des vis (2) a fin de bloquer en place, 
1' organe de liaison et les crochets, 

d) et on pince les collerettes (24) des ecrous 
afin de les ecraser sur les meplats (22) des vis afin 
d'empecher tout recul des ecrous par desserrage. 
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longitudinally and rotationally therein. Second implant engaging structure (130) is positioned 
at the distal end of the inner tubular member (118). The inner shaft (132) rotates relative 
the inner and outer tubular members and has a third implant engaging structure (144). At 
least one of the engaging structures attaches to a removable cap (206) of the implant. 
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APPARATUS AND MFTH On FOR TMPT ANT INSERTION 

5 

BAfKGRQUND 

This application is a continuation-in-part of U.S. application Serial No. 
08/354.364, filed on December 12. 1994 . which is a continuation-in-part of U.S. 
application Serial No. 08/306.879. filed on SSEIgmbSUl^ 1994. The contents of these 
10 applications are incorporated herein by reference. 

1. Tftthnital FkI4 

This disclosure relates generally to apparatus and methods for implant 
insertion. More particularly, to apparatus and methods for insertion of implants to facilitate 
fusion of adjacent bony structure. 

15 

2. Background of the Related Art 

A large number of orthopedic procedures involve the insertion of either 
natural or prosthetic implants into bone or associated tissues. These procedures include, 
for example, ligament repair, joint repair or replacement, non-union fractures, facial 
20 reconstruction, spinal stabilization and spinal fusion. In a typical procedure, an insert, 
dowel or screw is inserted into a prepared bore formed in the bone or tissues to facilitate 
repair and healing. See, for example, U.S. Patent Nos.: 5,470,334 to Ross et aL; 
5,454,811 to Huebner, 5,480,403 to Lee et aL; 5,40,805 to Warren; 5,358,511 to Gattuma 
et aL; and 4,877,020 to Vich. 

2 5 Some implants are particularly configured with cavities and bores to 

facilitate bony ingrowth and enhance anchoring of the implant at the insertion site. See, for 
example, U.S. Patent Nos.: 4,328,593 to Sutter et aL; 4,936,851 to Fox et aL; and 
4,878,915 to Brantigan. Implants in the form of fusion cages having internal cavities to 
receive bone growth stimulation materials such as bone chips and fragments are disclosed, 

3 0 for example, in U.S. Patent Nos.: 4,501*269 to Bagby; 4,961,740 to Ray et aL; 
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5,015,247 to Michaelson; and 5,489,307 to Kuslich ct al. These types of implants are 
particularly well suited for intervertebral spinal fusion procedures necessitated by injury, 
disease or some degenerative disorder of the spinal disc. Subsequendy, there may be 
progressive degeneration leading to mechanical instability between adjacent vertebrae 
necessitating direct fusion of the vertebrae while maintaining a pre-defined intervertebral 
space. This fusion may be accomplished by the insertion of one or more of the specialized 
implants as discussed above and also discussed in commonly assigned U.S. Patent No. 
5,026,373, incorporated herein by reference. 

Both anterior (transabdominal) and posterior surgical approaches are used 
for interbody fusions of the lumbar spine. Fusions in the cervical area of the spine are 
primarily done using an anterior approach. Typically, an implant such as a plug, dowel, 
prosthesis or cage is inserted into a preformed cavity inside the interbody, interdiscal space. 
Since it is desirable in these procedures to promote a "bone to bone" bridge, connective 
tissue and at least a portion of the discal tissue is removed. Preferably, relatively deep cuts 
are made in the adjacent bones in order to penetrate into the softer, more vascularized 
cancellous region to facilitate bone growth across the implant 

When installing these specialized implants, an insertion tool is used to 
position the implant in the desired intervertebral location. See, for example, U.S. Patent 
Nos.: 3,848,601 to Ma et al.; 4,501,269 to Bagby; 4,877,020 to Vich; and 4,878,915 to 
Brantigan. Once in position, the insertion tool is removed and, where the implant structure 
permits, bone chips or other bone growth inducing substances are packed into the implant 
in vjyo. Subsequendy, an end cap or other sealing structure is positioned to close the 
implant. Sec, for example, commonly assigned U.S. Patent No. 4,961,740 to Ray et al. 
incorporated herein by reference. 

Typical insertion tools use either a single implant engagement structure or, at 
most, two implant engagement structures to facilitate positioning of the implant. For 
example, in U.S. Patent No. 4,501,269 to Bagby, prongs are used to engage the implant. 
In U.S. Patent Nos. 4,878,915 to Brantigan and 5,015,247 to Michaelson, a threaded rod 
and slot are used to engage the implant In U.S. Patent Nos.: 4,961,740 to Ray et al.; 
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5,489,308 and 5,489,307, both to Kuslich et aL; and 4,936,838 to Bagby, a single central 
shaft is used. In all of these insertion tools, no structure is provided to permit the insertion 
tool to attach to an outer peripheral portion of the implant, either in vitro or in vivo . 
Further, these tools do not provide structure which separately engages both the implant and 
5 the implant closure, e.g. an end cap. 

Accordingly, a need exists for an insertion tool which is capable of either 
inserting an implant preloaded with bone chips, etc. Such in vitro packing facilitates the 
surgical procedure because it is often rime consuming and relatively difficult, especially for 
example in cervical applications, to pack the cage in vivo. It would also be advantageous if 
10 such insertion tool could be additionally used to insert/position an empty implant for 
subsequent in vivo packing and closure. 

SUMMARY 

Apparatus for and methods of inserting implants arc disclosed wherein the 
15 apparatus includes a handle portion and a body portion attached to the handle portion and 
defining a longitudinal axis. The body portion includes an outer tubular member fixed 
relative to the handle portion for rotation therewith about the longitudinal axis. The outer 
tubular member has first implant engaging structure adjacent a distal end. An inner tubular 
member is disposed at least partially within the outer tubular member and is mounted for 
2 o longitudinal motion relative to the outer tubular member. Second implant engaging 

structure is positioned adjacent a distal end of the inner tubular member. The body portion 
further includes an inner shaft, coaxially mounted at least partially within the inner tubular 
member for independent rotation relative to the inner and outer tubular members, the inner 
shaft having third implant engaging structure adjacent a distal end. 
25 In a method for inserting an implant having a hollow portion with a closed 

distal end and a removable cap, the first, second and third implant engaging structures are 
attached to the implant with at least one of the engaging structures attached to the removable 
cap and another of the engaging structure attached to the hollow portion. The implant is 
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preferably preloaded with bone chips and/or bone growth inducing substances prior to 
attachment. Thereafter, the preloaded implant is inserted into the desired surgical location. 

BRIEF PFSCRTPTTO* HIT THF. HP A WTMHC 

Various embodiments of the subject implant insertion apparatus are 
described below with reference to the drawings wherein: 

FIG. 1 is a perspective view of an implant insertion apparatus constructed in 
accordance with a preferred embodiment of the subject disclosure: 

FIG. 2 is a side view in cross-section of the implant insertion apparatus 
taken along line 2-2 of FIG. 1 ; 

FIG. 2 A is an enlarged side view in cross-section of the connection between 
the handle portion and the body portion of the implant insertion apparatus of FIG. 1; 

FIG. 2B is an enlarged perspective view of the distal ends of the outer and 
inner tubular members of the implant insertion apparatus of FIG. 1; 

FIG. 2C is an enlarged perspective view of an interchangeable distal end of 
the outer tubular member of the implant insertion apparatus of FIG. 1; 

FIG. 3 is an enlarged perspective view of one type of implant configured for 
interbody fusion; 

FIG. 4 is an enlarged proximal end view of the implant of FIG. 3 
illustrating the structure of the removable end cap; 

FIG. 5 is an enlarged end view in cross-section of the implant taken along 
line 5-5 of FIG. 3. 

FIG. 6 is an enlarged perspective view of the implant of FIG. 3 with pans 
separated and loading of bone chips in process; 

FIG. 6A is a side view in partial cross-section showing an end cap mounted 
to the inner tubular member and the inner shaft; 

FIG. 7 is a perspective view of a preloaded implant with removable end cap 

in place; 
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FIG. 8A is an enlarged side view in partial cross-section illustrating the 
distal end of the implant insertion apparatus of FIG. 1 and the implant of FIG. 7; 

FIG. 8B is an enlarged side view of the housing and rotation wheels of the 
body portion illustrating the relative position of the inner tubular member as shown in FIG. 
8A; 

FIG. 9A is an enlarged side view in partial cross-section illustrating the 
distal end of the implant insertion apparatus of FIG. 1 with the second and third implant 
engagement structure attached to the removable cap of the implant of FIG. 7; 

FIG. 9B is an enlarged side view of the housing and rotation wheels of the 
body portion illustrating the relative position of the inner tubular member and the inner shaft 
as shown in FIG. 9A; 

FIG. 10A is an enlarged side view in partial cross-section illustrating the 
distal end of the implant insertion apparatus of FIG. 1 with the first, second and third 
implant engagement structure attached to the implant of FIG. 7; 

FIG. 10B is an enlarged side view of the housing and rotation wheels of the 
body portion illustrating the relative position of the inner shaft, the inner tubular member 
and the outer tubular member as shown in FIG. 10A; 

FIG. 11 is a side view illustrating the insertion of the implant of FIG. 7 
using the insertion apparatus of FIG. 1; and 

FIG. 12 is an enlarged top view in partial cross-section of a pair of implants 
in place in the intervertebral space of a lumbar spinal section. 

DETAILED DESCRIPTIO N OF PREFERRED EMBODIMENTS 

The preferred embodiments of the apparatus and methods disclosed herein 
are discussed in terms of orthopedic spinal fusion procedures and apparatus. It is also 
envisioned, however, that the disclosure is applicable to a wide variety of procedures 
including, but not limited to ligament repair, joint repair or replacement, non-union 
fractures, facial reconstruction and spinal stabilization. In addition, it is believed that the 
present apparatus finds application in both open and minimally invasive procedures 
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including endoscopic and arthroscopic procedures wherein access to the surgical site is 
achieved through a cannula or small incision. 

In the description which follows, the term "proximal", as is traditional, will 
refer to the portion of the structure which is closer to the operator, while the term "distal" 
5 will refer to the portion which is further from the operator. 

Referring now in detail to the drawings in which like reference numerals 
identify similar or identical elements, a preferred embodiment of the implant insertion 
apparatus is illustrated in FIGS. 1 and 2 and is designated generally by reference numeral 
100. Implant insertion apparatus 100 includes a removable handle portion 102 and a body 
io portion 104. Handle portion 102 has a T-handle 106 positioned at a proximal end and 
releasable engagement structure 108 at a distal end thereof. 

Body portion 104 defines a longitudinal axis "L" and includes an outer 
tubular member 1 10 fixed to a housing 1 12 for longitudinal rotation therewith. First 
implant engaging structure 1 14 is positioned adjacent a distal end of outer tubular member 
is 110. Outer tubular member 1 10 preferably includes a removable distal end portion 158 
described below. In the embodiment shown, the implant engaging structure is a pair of 
distally extending tabs 1 16 projecting from the distal end of outer tubular member 1 10. 

Body portion 104 further includes an inner tubular member 118 disposed at 
least partially within outer tubular member 1 10. Inner tubular member 1 18 is mounted for 
limited longitudinal motion relative to outer tubular member 1 10 and is independendy 
rotatable relative to outer tubular member 1 10 by wheel 120. In the illustrated embodiment, 
set screw 122 anchors wheel 120 to the inner tubular member 118. A first cavity 124 is 
defined in housing 112 and is dimensioned to limit the relative longitudinal motion of inner 
tubular member 118 by confining wheel 120 between walls 112a, 112b. As shown in 
FIG. 1, the periphery of wheel 120 may be provided with knurling 126 to enhance its 
frictional characteristics. 

Inner tubular member 1 1 8 is normally biased to a distalmost longitudinal 
position relative to outer tubular member 1 10 as shown in FIG. 2. Coil spring 127, 
mounted in housing 1 12, abuts a proximal end of inner tubular member 1 18 and biases 
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inner tubular member distally. Second implant engaging structure 128 is formed adjacent a 
distal end of the inner tubular member 118. In the illustrated embodiment, the second 
implant engaging structure 128 is a hollow polygonal structure having a plurality of flat 
sides 130 extending from the distal end of inner tubular member 1 18. 

Body portion 104 also includes an inner shaft 132, coaxially mounted at 
least partially within the inner tubular member 118. Inner shaft 132 is longitudinally 
rotatable relative to inner tubular member 118 and outer tubular member 1 10 by wheel 134. 
As shown, set screw 136 connects wheel 134 to a distal end of inner shaft 132, In a 
prcfened embodiment, the outer periphery of wheel 134 is provided with a friction 
enhancing surface such as knurling 138. 

A second cavity 140 is defined in housing 1 12 proximal to first cavity 124 
and serves to confine wheel 134, and thus inner shaft 132, to limited longitudinal motion 
relative to outer and inner tubular members 1 10 and 118, respectively between walls 1 12c, 
112d Wheels 120 and 134 preferably extend radially beyond at least one outer peripheral 
surface of house 1 12 to facilitate actuation by the fingers of a user. 

Inner shaft 132 has third implant engaging structure 142 positioned adjacent 
a distal end (See Figs 2 and 6A). In the illustrated embodiment, this structure is threads 
144 formed on a distal end of inner shaft 132. 

Referring now to FIGS. 2 and 2A, releasable engagement structure 108 of 
the illustrated embodiment of implant insertion apparatus 100 includes a distal sleeve 146 
having an inner surface configured to engage hexagonal projection 148 formed on a 
proximal end of housing 1 12. 

Proximal sleeve 150 is opcratively associated with distal sleeve 146 and 
includes an internal spring loaded ball system 152 configured to releasably engage an 
annular channel 154 which extends proximally from hexagonal projection 148. Proximal 
sleeve 150 is mounted on a distal end of handle portion 102 for relative longitudinal motion 
between a locked position (FIG. 2) and an unlocked position (FIG. 2A). In the locked 
position, ball system 152 is forced radially inward into annular channel 154. Spring 156 
normally biases proximal sleeve 150 into this locked position. As shown in FIG. 2A, in 
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the unlocked position, proximal sleeve 150 is retracted to release ball system 152 from 
annular channel 154. This enables the removal of handle portion 102 from the body 
portion 104 so the handle portion can be attached to and used with other instrumentation 
necessary for performing the surgical procedure. 

Referring to FIGS. 2B and 2C in view of FIG. 1, a versatile feature of the 
illustrated embodiment is shown. In this preferred embodiment, a distal end portion 158 of 
outer tubular member 1 10 t which contains first implant engagement structure 1 14, is 
interchangeably attached via a friction fit This allows the user to position another distal 
end portion 160, such as that shown in Fig. 2C, mounting either a different size (e.g. 
diameter) implant or configuration of implant engagement structure on the same implant 
insertion apparatus. Thus, the insertion apparatus can be readily adapted to insert different 
implants. 

An implant designed for use in spinal fusion procedures is shown in FIGS. 
3-5 and designated generally by the reference number 200. This implant is commonly 
referred to as a "fusion cage" and, in this embodiment, is specifically configured for a 
posterior access spinal fusion procedure. Subsequent discussion regarding an exemplary 
use of the implant insertion tool 100 will be focused on this posterior spinal fusion 
procedure inserting fusion cage 200. It is contemplated, however, that the disclosed 
implant insertion tool has broad application in a wide variety of implant insertion 
procedures beyond either anterior or posterior spinal fusion. 

Fusion cage 200 includes a body portion 202 with a closed distal end 204 
and a proximal end 206. The distal end 204 is rounded or bull nosed to facilitate insertion 
of the fusion cage 200 relative to one or more bone structures. The proximal end 206 
defines an opening 208 (FIG. 6) which communicates with an internal cavity 210 (FIG. 5) 
defined by fusion cage 200. In the illustrated embodiment, opening 208 is threaded to 
receive an end cap 212. This end cap 212 is used to close off the proximal end 206 and to 
retain bone growth inducing substances, such as bone chips 214 (FIG. 6), packed therein. 

Referring to FIG. 4, end cap 212 defines a threaded bore 216 which is 
configured to receive third implant engaging structure 142 of inner shaft 132 as will be 
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discussed in further detail below. End cap 212 also defines a substantially square 
depression 218 coaxial with thread bore 216 and configured to receive second implant 
engaging structure 128 on inner tubular member 118. 

The proximal end 206 further defines first and second peripheral 
indentations 220, 222 which are centered about transverse axis T. These peripheral 
indentations 220, 222 are configured to receive first implant engagement structure 1 14, in 
this case tabs 116. These indentations may also be used to line up the fusion cage 200 for 
proper insertion and placement between the adjacent vertebral structure, 

A helical thread 224 is formed on the outer peripheral surface of the fusion 
cage 200. A plurality of apertures 226 are defined by and extend through the fusion cage 
200. In the illustrated fusion cage 200, apertures 226 are formed by broaching grooves 
228 (FIG. 5) in the internal surface 230 of internal cavity 210. This technique removes 
material from the valleys between the turns of the thread 224, thus defining apertures 226 to 
advantageously provide immediate contact between the vertebral body and the bone chips 
located inside the cage when the cage is positioned in the body. 

Referring now to FIGS. 6, 6A and 7, two methods of closing the end cap 
212 in the opening 208 of proximal end 206 are illustrated. In FIG. 6, bone chips 214 are 
deposited into internal cavity 210 using forceps. Thereafter, end cap 212 can be manually 
threaded into opening 208 either by hand or with a socket wrench-type instrument 
Alternatively, end cap 212 can be positioned into engagement with second and third implant 
engaging structure 128, 142 of implant insertion apparatus 100. This is done by 
positioning the flat sides 130 of second implant engaging structure 128 into square 
depression 218 of end cap 212. The distal end of inner shaft 132 is then threaded into bore 
216 of end cap 212 by rotating wheel 134 (FIG. 1). End cap 212 is then securely engaged 
by the second and third implant engaging structure 128, 142. The implant insertion 
apparatus 100 is positioned with the engaged end cap 212 in juxtaposed axial alignment 
with opening 208 in proximal end 206 of fusion cage 200. Rotation of wheel 120 threads 
the end cap 212 into the fusion cage 200. As shown, in both methods, packing of the cage 
occurs outside the body. This facilitates insertion of bone chips since the chips are 
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individually placed with a forceps and lightly tapped, e.g., compacted, inside the cage. 
This is especially advantageous where access to the cage once implanted is limited and/or 
with smaller cages such as in cervical applications. 

Mounting a packed fusion cage (FIG. 7) onto the insertion apparatus 100 
and subsequent insertion into an intervertebral space will now be described with reference 
to FIGS. 8 through 12. In FIGS. 8A and 8B, the packed fusion cage is positioned in axial 
alignment with the proximal end of fusion cage 200, aligning tabs 1 16 with indentations 
220, 222; flat sides 130 with square depression 218; and threads 144 with threaded bore 
216. 

Referring now to FIGS. 9A, 9B, 10A and 10B, fusion cage 200 is moved 
initially into engagement with inner tubular member 118 such that flat sides 130 are 
disposed in square depression 218 of end cap 212. Further proximal motion (indicated by 
the arrows in FIGS. 9A and 9B) of inner shaft 118 relative to inner shaft 132 by either 
pressing cage 200 against the apparatus or moving wheel 120 proximally brings threads 
144 into engagement with threaded bore 216 and tabs 1 16 of outer tubular member 1 10 into 
simultaneous engagement with indentations 220 and 222. (FIG. 10A) Wheel 120 can be 
slightly rotated to ensure alignment of tabs 1 16 and indentations 220, 222. Then, wheel 
134 is rotated to cause the threaded inner shaft to engage the fusion cage 200 by end cap 
212 thus securely mounting the fusion cage 200 on the distal end of the implant insertion 
apparatus 100 as the cage 200 is pulled proximally via the engagement of the threads. 

Thereafter, the implant insertion apparatus 100 is positioned adjacent the 
implant site (FIG. 11) which typically includes a pretapped bore formed in an intervertebral 
space between two adjacent vertebra. (Alternately, the fusion cage could be self-tapping.) 
The implant insertion apparatus 100 may be guided into position using a cannula or C- 
retractor 300 to facilitate accurate insertion of fusion cage 200. The T-handle 106 is then 
rotated to rotate outer tubular member 1 10 to engage threads 224 of the fusion cage 200 
(shown in phantom) in the intervertebral space 302. 
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Once the fusion cage 200 is in position, wheel 134 is rotated to disengage 
threads 144 from threaded bore 216. This releases the implant insertion apparatus 100 
from the implanted fusion cage 200. (FIG. 12) 

Note that since the fusion cage 200 is grasped and inserted by the apparatus 
5 100 from its open end, once positioned inside the body, the end cap 212 can be removed if 
the user desires to view or access the bone chips in the internal cavity 210. 

The implant insertion apparatus 100 can also be utilized to insert an empty 
implant such as fusion cage 200 into the intervertebra space and subsequently seal the 
fusion cage after packing the fusion cage with bone growth inducing substance in vivo. In 
l o this procedure, the empty fusion cage is engaged with the first, second and third implant 
engagement structure 114, 128, 142 and inserted in the same manner outlined above. Once 
in place in the body, wheel 120 is rotated to remove end cap 212 from body portion 202 
and the implant insertion apparatus with attached end cap 212 (FIG. 6 A) is removed from 
the site. 

15 Thereafter, the fusion cage 200 can be packed and the procedure reversed to 

thread the end cap 212 securely back into place on the body portion 202 using apparatus 
100 as described above without affecting the relative position of the body portion 202 at the 
site. This would avoid the necessity for a separate cap insertion tool since apparatus 100 
could serve the dual function of inserting the cage and attaching the end cap. 

20 It will be understood that a wide variety of modifications may be made to the 

embodiments of the apparatus and methods disclosed herein. For example, the first, 
second and/or third implant engaging structures can be modified to facilitate engagement 
with a vast number of implants, both prosthetic and natural. Also, endoscopic, 
arthroscopic and percutaneous methods of use are easily accommodated. Therefore, the 

25 above description should not be construed as limiting, but merely as 

exemplifications of preferred embodiments. Those skilled in the art will envision other 
modifications within the scope and spirit of the claims appended hereto. 
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WHAT ts CLAIMED T<; - 

1 . Apparatus for implant insertion comprising: 
a handle portion; and 

a body portion attached to the handle portion and defining a 
longitudinal axis, the body portion including an outer tubular member fixed relative to the 
handle portion for rotation therewith about the longitudinal axis, the outer tubular member 
having first implant engaging structure adjacent a distal end, an inner tubular member 
disposed at least partially within the outer tubular member and mounted for longitudinal 
motion relative to the outer tubular member, the inner tubular member being rotatable 
independent of the outer tubular member and having second implant engaging structure 
adjacent a distal end and an inner shaft, coaxiaUy mounted at least partially within the inner 
tubular member for independent rotation relative to the inner and outer tubular members, the 
inner shaft having third implant engaging structure adjacent a distal end. 

2. Apparatus as in claim 1 wherein the handle portion is releasably 
attached to the body portion. 

3 . Apparatus as in claim 1 further comprising a wheel positioned on the 
inner tubular member for independent rotation thereof relative to the outer tubular member. 

4. Apparatus as in claim 1 further comprising a wheel positioned on the 
inner shaft for independent rotation thereof relative to the outer and inner tubular members. 

5 . Apparatus as in claim 1 wherein the first implant engaging structure 
comprises a pair of tabs projecting from the distal end of the outer tubular member. 

6. Apparatus as in claim 1 wherein the second implant engaging 
structure comprises a polygonal structure extending from the distal end of the inner tubular 
member. 
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7 . Apparatus as in claim 1 wherein the third implant engaging structure 
comprises a threaded portion formed on the distal end of the inner shaft 

5 8 . Apparatus as in claim 1 wherein the first implant engaging structure 

is removably mounted to the body portion. 

9 . Apparatus as in claim 2 wherein the handle portion is T-shaped. 

io 10. Apparatus for implant insertion comprising: 

a handle portion; and 

a body portion defining a longitudinal axis and having a proximal 
end configured to engage the handle portion, a distal end configured to engage an implant, 
and a housing fixed relative to the proximal end and positioned intermediate the proximal 

is and distal ends, the body portion including an outer tubular member fixed to the housing 
and extending distally therefrom, the outer tubular member having first implant engaging 
structure at a distal end, an inner tubular member disposed at least partially within the outer 
tubular member and mounted for longitudinal motion relative to the outer tubular member, 
the inner tubular member including a first wheel confined at least partially within a first 

2 o cavity in the housing for rotating the inner tubular member relative to the outer tubular 
member, the inner tubular member having second implant engaging structure adjacent a 
distal end and an inner shaft, coaxially mounted at least partially within the inner tubular 
member, the inner shaft including a second wheel confined at least partially within a second 
cavity in the housing for independently rotating the inner shaft relative to the inner and outer 

25 tubular members, the inner shaft having third implant engaging structure adjacent a distal 
end. 

1 1 . Apparatus as in claim 10 wherein the first implant engaging structure 
comprises a pair of tabs projecting from the distal end of the outer tubular member. 
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12. Apparatus as in claim 10 wherein the second implant engaging 
structure comprises a polygonal structure extending from the distal end of the inner tubular 
member. 



13. Apparatus as in claim 10 wherein the third implant engaging 
structure comprises a threaded portion formed on the distal end of the inner shaft. 

14. Apparatus as in claim 10 wherein the first implant engaging structure 
is removably mounted to the body portion. 

15. Apparatus as in claim 10 wherein the handle portion is 

T-shaped. 



16. Apparatus as in claim 1 1 wherein the tabs are on radially opposed 
sides of the longitudinal axis and are configured to engage an outer peripheral wall of an 
implant 

17. In an apparatus for insertion of a hollow implant having a closed 
distal end section accessible through a removable proximal end cap, the apparatus having a 
handle portion and a body portion with implant engaging structure adjacent a distal end 
thereof, the improvement comprising a body portion attached to the handle portion and 
defining a longitudinal axis, the body portion including an outer tubular member fixed 
relative to the handle portion for rotation therewith about the longitudinal axis, the outer 
tubular member having first implant engaging structure adjacent a distal end, an inner 
tubular member disposed at least partially within the outer tubular member and mounted for 
longitudinal motion relative to the outer tubular member, the inner tubular member being 
rotatable independent of the outer tubular member and having second implant engaging 
structure adjacent a distal end and an inner shaft, coaxially mounted at least partially within 
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the inner tubular member for independent rotation relative to the inner and outer tubular 
members, the inner shaft having third implant engaging structure adjacent a distal end 

1 8 . Apparatus as in claim 17 wherein the handle portion is releasably 
5 a ttac hed to the body portion. 

19. Apparatus as in claim 17 further comprising a wheel positioned on 
the inner tubular member for independent rotation thereof relative to the outer tubular 
member. 

10 

20. Apparatus as in claim 17 further comprising a wheel positioned on 
the inner shaft for independent rotation thereof relative to the outer and inner tubular 
members. 

! 5 21. Apparatus as in claim 17 wherein the first implant engaging structure 

comprises a pair of tabs projecting from the distal end of the outer tubular member. 

22. Apparatus as in claim 21 wherein the pair of tabs are positioned on 
the distal end of the outer tubular member to engage the closed distal end section of the 

2 o prosthetic implant 

23. Apparatus as in claim 17 wherein the second implant engaging 
structure comprises a polygonal structure extending from the distal end of the inner tubular 
member. 

25 

24. Apparatus as in claim 23 wherein the polygonal structure is 
positioned on the distal end of the inner tubular member to engage the proximal end cap of 
the prosthetic implant 
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25. Apparatus as in claim 17 wherein the third implant engaging 
structure comprises a threaded portion formed on the distal end of the inner shaft. 

26. Apparatus as in claim 25 wherein the threaded portion formed on the 
distal end of the inner shaft is configured to threadably engage the proximal end cap of the 
prosthetic implant. 



27. A method of inserting an implant comprising the steps of: 

providing an apparatus including a handle portion and a body 
portion attached to the handle portion and defining a longitudinal axis, the body portion 
including an outer tubular member fixed relative to the handle portion for rotation therewith 
about the longitudinal axis, the outer tubular member having first implant engaging 
structure adjacent a distal end, an inner tubular member disposed at least partially within the 
outer tubular member and mounted for longitudinal motion relative to the outer tubular 
member and having second implant engaging structure adjacent a distal end and an inner 
shaft, coaxially mounted at least partially within the inner tubular member for independent 
rotation relative to the inner and outer tubular members, the inner shaft having third implant 
engaging structure adjacent a distal end; 

providing an implant having a hollow portion with a closed distal 
end and a removable proximal end cap; 

attaching the first, second and third implant engaging structures to 

the implant; and 

inserting the implant into a desired surgical location. 

28 . A method as in claim 27 wherein the implant includes a threaded 
portion formed on an outer peripheral surface of the hollow closed distal end and the 
inserting step including rotating the implant into a desired surgical location. 
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29. A method as in claim 28 wherein the first implant engaging structure 
includes a pair of tabs positioned on a distal end of the outer tubular member and the 
attaching step includes engaging the tabs with the hollow closed distal end of the implant 

5 30. A method as in claim 28 wherein the attaching step includes 

engaging the second and third implant engaging structure to the proximal end cap of the 
implant. 

31. A method as in claim 27 further comprising the step of loading the 
10 implant with bone growth stimulation media. 

32. A method as in claim 31 wherein the step of loading the implant is 
carried out before the implant is inserted. 
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SURGICAL METHOD AND APPARATUS FOR FUSING 
ADJACENT BONE STRUCTURES 



CROSS-REFERENCE TO RELATED APPLICATIO N 
This is a division and continuation-in-part 
10 of our copending application S.N, 07/259,031, filed 

October 17, 1988. 

BACKGROUND OF THE INVENTION 
Field of the Invention 
15 The invention concerns method and apparatus 

for fusing two adjacent bony structures such as a bone 
joint, especially adjacent vertebrae of the spine. 

Description of Related Art 

20 Subsequent to injury, diseases or other 

degenerative disorder, the disc, a ligamentous cushion 
between vertebrae, may undergo a painful 
deterioration. The disc shrinks and flattens out, and 
the distance between the vertebral bodies begins to 

25 collapse. Subsequently, there may be a progressive 

degeneration leading to mechanical instability, where 
painful translocations occur between adjacent 
vertebrae. The movement-induced pain may be so 
disabling that in many such cases, the vertebral 

30 motion must be eliminated. Thus, rigid fusions may be 

the only present means to stop the translocations and 
relieve the pain. 

It is generally held that successful fusions 
demand a contiguous growth of bone to create a solid 

35 mass that will unite the movable elements into one 

unit. Otherwise, the fusion cannot achieve the tasks 
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of pain reduction, maintenance of intervertebral 
height, and immobility of the vertebrae. When fusion 
bone is first placed, it is soft and moveable, having 
no cohesive strength. Therefore a variety of 
5 appliances have been developed that attempt to hold 

the vertebrae quite still under conditions of normal 
spinal activity and daily stress. Bone graft material 
is placed between the vertebrae, the outer or cortical 
surfaces of which have been removed or deeply 

10 scarified so as to promote the ingrowth of the graft 

into these recipient sites. Thus positioned, the bone 
graft slowly unites the vertebrae. Such an appliance 
is not meant to permanently secure immobility of the 
segments. Bone ingrowth is required for this. 

15 Dependency upon such an -appliance as the sole 

stabilizer is ultimately unsuccessful due to the 
development of a mechanical gap or transition between 
the bone and the appliance, leading to structural 
failure of the bone and adjacent connective tissue. 

20 Such failure is seen in fractures, erosion and 

absorption of bone with potential further collapse. 
The pain may also become progressively disabling. 

Approximately 150,000 lumbar spinal fusions 
were performed in the USA during 1987, as reported by 

25 the American Hospital Association. There are may 

methods for intervertebral fusion. The most 
successful have achieved a success rate of about 90% 
in random cases. However, several of these 
techniques, especially those requiring complex 

30 appliances, are difficult to master and are hazardous 

to nerve and vessel structures normally lying close to 
the involved bones. 



From a biomechanical point of view, the most 
important location of a spinal fusion is at the 
mechanical center of rotation between the vertebrae. 
This point is centered within the disc space. 
Therefore, an interbody fusion is the most rigid and 
thus the most sought after method among surgeons. 
Current methods of interbody fusions are, however, the 
most hazardous of all spinal fusion methods. 

Both anterior (transabdominal) and posterior 
surgical approaches are used for interbody fusions. 
Typically, a plug, dowel or segment of bone is driven 
tightly into a cavity carved inside the interbody, 
intradiscal space. Since there must be a bone-to- 
bone bridge created during the fusion process, 
connective tissue and discal tissue must be removed. 
Deep cuts within the bone must penetrate into the 
softer, cancellous region to promote bone growth 
across the space. 

Intervertebral fusions using circular bone 
grafts have been reported in the orthopedic and 
neurosurgical literature for some years. B.R. 
Wiltberger in a paper published in Clinical 
Orthopedics, Vol 35, pp 69-79, 1964, reviewed various 
methods of intervertebral body fusion using posterior 
bone dowels driven firmly into a suitably smaller hole 
between the adjacent vertebrae. Upon doing so the 
dowel can split or crack or collapse. The stretched 
bone might also split and it can be compressed by the 
dowel to the point that it will not grow normally due 
to collapse of formerly open pores or vascular 
channels. If this occurs, there may be a late 
absorption of surrounding bone and the dowel might 
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loosen, with a renewed danger of expulsion. See also 
a 2-page brochure from Neurological Survey Associates 
of Cincinnati, Inc. entitled "Posterior Lumbar 
Interbody Fusion Made Simple" which shows, after the 
5 bone dowel placement, the 11 (a)pplication of 5 mm 

dacron suture around spinous processes." 

U.S. Patent 4,501,269 (Bagby) describes a 
surgical procedure for stabilizing the cervical spine 
of a horse and says that the procedure: 
10 "is applicable to any human or animal joint formed 

by opposed contiguous bony surfaces which are 
covered and separated by intervening cartilage and 
are surrounded by ligaments which resist expansion 
of the joint. Specific examples of such joints 
15 are a spinal joint between adjacent vertebrae or 

the ankle joint. The process was developed to 
immediately stabilize the joint and to further 
promote ultimate bone-to-bone fusion. . The 
implanted structure is in the form of a perforated 
20 cylindrical bone basket which can be filled with 

bone fragments produced during the preparation of 
the joint. These bone fragments provide 
autogenous tissue to promote bone growth through 
the basket, as well as around it. 
25 "The process involves the initial steps of 

surgically accessing the joint and removing 
intervening cartilage located between the 
contiguous bony surfaces. A transverse 
cylindrical opening is then bored across the 
30 contiguous bony surfaces. Immediate stabilization 

is achieved by driving into the cylindrical 
opening a hollow basket having a rigid perforated 



WO 91/06261 



PCT/US90/05318 



cylindrical wall whose outside diameter is 
slightly greater than the inside diameter of the 
cylindrical opening. The implanting of the basket 
spreads the bony surfaces apart in opposition to 
5 the resistance to expansion of the joint provided 

by the surrounding ligaments" (col. 2, lines 26- 
55) . 

U.S. Pat. No. 2,537,070 (Longfellow) shows in 
Fig. 2 a "reinforce 7" that is much like Bagby's 
10 fusion basket. 

Vich, J. Neurosurg., Vol 63, pp 750-753 
(1983) describes a means for cervical spine fusion, 
using an anterior approach, by surgically implanting a 
cylindrical bone graft. 
15 "Screw threads are placed in the graft with a 

small, previously sterilized die. The grooves of 
the thread can be made as deep as required. The 
vertical cervical bodies are prepared according to 
•Cloward's technique. After a cylindrical bed has 
20 been drilled in the appropriate intervertebral 

bodies, the graft is screwed into place with 
instruments especially developed for this purpose" 
(p. 750). 

Vich's Fig. 2 legend points out that a threaded graft 
25 dowel has a larger contact surface than a plain dowel 

and a greater resistance to pressure and sliding. 
Vich also says: 

"When grafts with a diameter of 14 mm were used, 
we sometimes threaded the receiving bed with a 
30 die-stock of 13 mm to facilitate the insertion" 

(p. 751). 



WO 91/06261 



PCT/US90/05318 



- 6 - 



An additional desirable effect of an 
intervertebral fusion is the restoration or 
maintenance of a normal intervertebral spacing. 
Spreading devices are generally required in order to 
5 restore all or a part of the normal intradiscal 

height, in the process of placing the fusion material 
or appliance. When the procedure is performed using 
the commonly employed posterior approach, a variety of 
spreaders may be placed between various posterior bony 

10 elements normally attached to the vertebrae, such as, 

dorsal spinous processes or laminas . Using such 
spreaders, a forward tilt or wedging of the discal 
space occurs/— with the posterior aspect of the space 
becoming more open than the anterior. When a bone 

15 graft of any shape is driven into a cavity that is 

wedged more open posteriorly between two opposing 
movable vertebrae, there is a strong propensity for 
the graft to be retropulsed during the postoperative 
recovery period as a result of to and fro movement 

20 between the opposing vertebrae. Thus, to aid in the 

prevention of graft expulsion, it would be desirable 
to have the cavity either maintain parallelism or be 
slightly narrower at its most posterior portion. 
Ventral to this cavity, the stout ligamentous disc 

25 annulus remains and prevents ventral migration of the 

graft into the retroperitoneal space. Further, there 
is value in restoring the original spinal lordotic 
curve, as the fusion grows; this requires that the 
cavity and the interbody fusion element be placed to 

30 promote a normal spinal anatomical position, that is, 

without wedging of the space in either direction. 



In U.S. Pat. No. 4,743,256 (Brantigan) pairs 
of plugs are implanted as struts spanning and 
maintaining the disc space between adjacent vertebrae. 
While bone plugs were previously used in the same way, 
Brantigan employs "rigid plugs of structural material 
having porous surfaces to facilitate ingrowth of bone 
tissue 11 (col. 2, lines 66-68), inserting these into 
"grooves bridging the cancellous bone of one vertebral 
body to the cancellous bone of the subjacent vertebral 
body ..." (col. 2 / lines 1-6). "The plugs are 
preferably made of an inert metal substrate such as 
stainless steel . . . having a porous coating of metal 
particles . . -JL (col. 3, lines 8-14). The plug of Fig. 
12 "has bone piercing tangs or points 31" (col. 5, 
line 61) . 

3UMMARY QF THE INVENTION 
The present invention provides a method for 
implanting a fusion cage in order to fuse adjacent 
bony structures, which method is safer, surer, easier 
and faster as compared to the implantation of bone 
dowels or Brantigan' s rigid plug or Bagby's fusion 
basket or Longfellow's "reinforce." Briefly, the 
novel implantation method involves the following 
steps : 

(a) forming between said bony structures a 
lateral bore with a female thread that penetrates 
into their cancellous regions, 

(b) forming a hollow cylindrical fusion cage 
to have a: external, substantially continuous 
helical tL ead (preferably a V-thread) that is 



WO 91/06261 



PCT/US90/05318 



- 8 - 



perforated in the valley between adjacent turns 
and can mate with said female thread , 

(c) screwing the cage into said thread bore, 

and 

5 (d) packing the cage with bone- inducing 

substance. 

The female thread formed in step (a) 
preferably is tapped by hand, using a slow motion to 
. ensure against burning the bone. This freshens the 
10 bone margins of the bore so that if any bone had been 

burned by drilling to form the bore, it is now cut 
away slowly by hand. The tapping process is quite 
safe, in that the surgeon can feel the progress of the 
technique. 

15 The V- thread or other male-thread fusion cage 

preferably is screwed by hand into the threaded bore, 
again permitting the surgeon to feel if the resistance 
is too great and that rethreading of the bore might be 
required. In contrast, a bone dowel typically is 

20 driven into a bore using a hammer, and in order to 

guard against an overly tight fit, the surgeon listens 
to the sound of the striking hammer and also monitors 
the degree of resistance. 

Parent U.S. patent application S.N. 

25 07/259,031 indicates that the V- thread fusion cage 

preferably is made of implantable-grade stainless 
steel and that titanium is also useful. Currently, 
titanium is preferred, it having been shown to be more 
compatible to bone. 

30 Parent U.S. patent application S.N. 

07/2 59,031 also teaches that the V- thread fusion cage 
preferably is fitted with end caps. The end caps 
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preferably are X-ray transparent to permit post- 
operative checks on the status of the developing bone. 
X-ray transparent end caps can be stamped from a 
flexible sheet of thermoplastic resin such as "Delrin" 
5 acetal resin or polypropylene and may have a small 

opening for an instrument by which they can be put 
into place. 

A threaded bore into which a hollow 
cylindrical fusion cage can be surgically implanted to 
10 fuse adjacent bony structures can be prepared by the 

steps of: 

(a) drilling a pilot hole laterally between 
said bone structures, 

(b) inserting a pilot rod into the pilot 

15 holey 

(c) fitting a hollow drill over the pilot 

rod, 

(d) with the hollow drill, enlarging the 
pilot hole to form a bore that penetrates into the 

20 cortical bone of each of said bony structures , and 

(e) tapping a female thread into the wall of 
said bore with the crown of the thread penetrating 
into the cancellous portion of each of said bony 
structures . 

25 When using a male- thread fusion cage between 

adjacent vertebrae to promote bone ingrowth , the 
fusion cage should be implanted in pairs on opposite 
sides of the disc space. After placement of the first 
cage, there is an impressive, instant stabilization of 

30 the previously unstable vertebral segment. The second 

cage is then screwed into its tapped hole, thus 
rendering the space completely immobile. Each cage is 
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held in place by its male-thread , biting into female 
threads that were formed in step (e) . Gravity, muscle 
pull and elastic recoil of the spread (or stretched) 
outer disc annulus together exert force against each 
5 of the fusion cages. Thus the fusion cages are held 

in place by compression forces between the adjacent 
vertebrae . 

Because the cancellous bone of the vertebral 
bodies has internal strength similar to wet balsa wood 

10 and a hard shell similar to about a 1 . 5 mm veneer of 

white oak, it is difficult to drill parallel bores 
without the drill bits wandering into a common center, 
unless a driLl guide or jig is provided. This problem 
is met by the following method of forming and 

15 threading a bore between adjacent vertebrae, which 

method involves the following steps: 

(a) cutting away ligaments to expose the 

site, 

(b) spreading the vertebrae apart, 

20 (c) nibbling away as much of each lamina as 

is necessary to access the site, 

(d) drilling a pilot hole laterally between 
said vertebrae, each of sufficiently small 
diameter to be self-seeking of the center of the 

25 disc space, 

(e) inserting a pilot rod into the pilot 

hole, 

(f) sliding over the pilot rod a hollow 
lamina drill to cut the spinous process and to 

30 score the lamina, 

(g) drilling to remove the lamina within the 
score, 
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(h) fitting into the resulting arcuate 
opening in the lamina a C-retractor which has a 
split cylindrical sleeve of the same diameter as 
the lamina drill/ a handle extending from one end 

5 toward the upper end of the spine , and spikes at 

its outer end, 

(i) forcing at least one of the spikes into 
each of said adjacent vertebrae to anchor the C- 
retractor, 

10 (j) reinserting the pilot rod to rest on the 

bottom of the pilot hole, 

(k) sliding a hollow vertebral drill over 
the pilot rod and inside the sleeve of the C-- 
retractor , 

15 (1) forming with the hollow drill a bore 

that penetrates into the cortical bone of each of 
said vertebrae, 

(m) removing the hollow drill, the pilot 
rod, and the cut bone, and 

20 (n) using the C-retractor as a guide, 

tapping a female thread, the crown of which 
extends into the cancellous bone of each of the 
vertebrae . 

As indicated in the drawing, said pilot rod and 
25 the shafts of said hollow lamina drill and tap having 

markings to show the depths to which they penetrate 
into the bore. 

When male- thread fusion cages are to be 
positioned between adjacent vertebrae, the sides that 
30 are to face laterally preferably are closed to prevent 

disc tissue from growing into the cages, because this 
could interfere with bone growth between the 
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vertebrae. By leaving the lateral sides closed, the 
fusion cages have greater structural strength, thus 
permitting the perforations adjacent the vertebrae to 
be larger. When leaving the lateral quadrants closed, 
5 we have achieved 70% perforation of the area of the 

top and bottom quadrants (as projected onto the inner 
face of a cylinder) while maintaining good compressive 
strength. 

End caps can help to prevent disc tissue from 

10 growing into the cages, and for this reason, any 

openings in the end caps should be small. 

A large majority of patients requiring 
intervertebral fusions have narrowing of the disc 
space, typically 10 mm or less in the lower back. 

15 Because minimal penetration into the end plates of the 

vertebrae is required (about 3mm for each), three 
major diameters of the fusion cage thread should 
suffice for most patients, namely, 14, 16 and 18 mm. 
Because the anterior-posterior dimension of a typical 

20 lower lumbar vertebra is about 30 mm, the length of 

the fusion cage preferably does not exceed 25 mm but 
is at least 20 mm in length to give sufficient contact 
as well as a good platform when implanted in pairs . 

A novel interbody spreader in the form of a 

25 scissors jack has been developed to maintain a 

desirable parallel attitude between the adjacent 
vertebrae while the bore is drilled and then tapped by 
a novel instrument. 

Other instruments that have been developed 

3 0 for use in the implantation of the novel fusion cage 

include tapping instruments for forming helical 
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chreads in a bore in recipient bone. A first novel 
tapping instrument comprises 

a hollow cylindrical shaft having a handle at 
one end and an external thread which is formed at 
5 the other end with at least one scallop that 

exposes a cutting edge, and 

a pilot rod that slideably fits into said 
bore y projects beyond said other end of the hollow 
shaft, and is formed with a central recess that 
10 communicates with the scallop in the hollow shaft 

and provides a reservoir for detritus removed by 
said cutting edge, thus permitting the detritus to 
be carried away by removing the pilot rod from the 
hollow shaft. 

15 The portion of the pilot rod that- projects beyond said 

other end of the hollow shaft preferably is threaded 
to carry detritus upwardly to the reservoir. 

When using this first novel tapping 
instrument to form female threads for an interbody 

20 fusion, the hollow shaft should have an odd number of 

scallops and cutting edges, preferably three, because 
an odd number provides more equal removal of recipient 
bone on both sides of the bore than would an even 
number . 

25 Said first novel tapping instrument and a 

novel wrench are illustrated in the drawing, together 
with other instruments that can be used to implant 
male-thread fusion cages surgically. 



30 



THE DRAWINGS 

In the drawing, all figures of which are 
schematic, 
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Fig, 1 is an exploded isometric view of a first 
V- thread fusion cage of the parent U.S. Patent 
Application S.N. 07/259,031 and two perforated end 
caps ; 

5 Fig. 2 is an isometric view illustrating the 

formation of a body that can be cut to form a series 
of second V- thread fusion cages of said U.S. Patent 
Application S.N. 07/259,031; 

Fig. 3 is an isometric view of a first tapping 
10 instrument (partly cut away to reveal details of 

construction) for forming female threads in bores into 
which male-thread fusion cage is to be inserted; 

Fig. 4 is. an isometric view of a wrench for 
screwing a male-thread fusion cage into a threaded 
1 5 bore ; 

Fig. 5 is an exploded isometric view of a third 
male-thread fusion cage of said U.S. Patent 
Application S.N. 07/259,031; 

Fig. 6 is a plan view of a pilot drill that can be 
20 used in preparation for forming a threaded bore 

laterally between two vertebrae into which a male- 
thread fusion cage can be surgically implanted; 

Fig. 7 is a plan view of a pilot rod that also can 
be used in preparation for forming said threaded bore; 
25 Fig. 8 is a plan view of a hollow lamina drill 

that can be used in conjunction with the pilot rod of 
Fig. 7; 

Fig. 9 is an isometric view showing the use of a 
C-retractor in preparation for the surgical 
30 implantation of a pair of male-thread fusion cages 

between two vertebrae; 
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Fig. 10 is a plan view of a hollow vertebral 
drill that also can be used with the pilot rod of Fig. 
7; and 

Fig. 11 is a plan view of a second tapping 
5 instrument that can be used in conjunction with the C- 

retractor of Fig. 9 to tap a female thread in the bore 
formed by the hollow vertebral drill of Fig. 10. 

DETAILED DESCR IPTION OF THE PREFERRED EMBODIMENT 

10 The fusion cage 10 of Fig. 1 was formed from 

a solid steel cylinder by drilling eight small, 
equally space holes 11 in the axial direction, each 
hold being centered on a circle concentric with the 
axis of the cylinder. Then a large hole was drilled 

15 centered on the axis and having a radius substantially 

identical to that of the aforementioned circle. A 
V-thread 12 was then machined in the external surface 
of the cylinder , thus opening through that surface a 
perforation 13 extending through the rounded valley 14 

20 of the V-thread at each crossing of the valley and one 

of the small holes 11. A screw thread 15 was then 
machined in the internal surface of the fusion cage to 
threadably receive an end cap 16 that has apertures 18 
similar to those of a salt shaker. Snap-on end caps 

25 would also be useful. 

In making a fusion cage by the technique 
described in the preceding paragraph, the small holes 
11 could be enlarged to intersect each other, thus 
making it unnecessary to drill a central hole. 

30 Enlarged small holes would result in larger 

perforations 1 3 . 
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Referring to Pig. 2, a series of fusion cages 
can be made from a plurality of rods 22 of rectangular 
cross-section that can be continuously extruded and 
fed into each of eight keyways 2 3 in the surface of a 
5 mandrel 24. Simultaneously, a rod 26 of triangular 

cross -section is extruded, wrapped helically around 
the rectangular rods 22, and soldered or welded to 
each of the rectangular rods 22 at every crossing to 
provide an external V-thread. Upon emerging from the 

10 keyways, the resulting body is cut into individual 

fusion cages each of which has perforation 28 between 
adjacent turns of the V- thread-forming rod 26 wherever 
it bridges a ^ap between adjacent rectangular rods 22. 

A fusion cage identical to that of Fig. 2 can 

15 be made from a hollow cylinder by machining an 

external V-thread and broaching a plurality of 
rectangular internal keyways . 

Each of the fusion cages in Figs. 1 and 2 
could be made from a model by the lost wax process. 

20 The tapping instrument 30 of Fig. 3 has a 

hollow cylindrical shaft 31 with a T-handle 32 at one 
end and an external thread 33 at the other end. 
Slidably received within the hollow shaft is a pilot 
rod 34, one end 35 of which protrudes beyond the 

25 hollow shaft 31 and slidably fits into a bore that has 

been drilled into the recipient bone. At the other 
end of the pilot rod is a knurled cap 35A. Projecting 
from the threaded end of the hollow shaft 31 are 
cutting teeth 36 that enlarge the bore to the minor 

30 diameter of the external thread 33 of the hollow shaft 

31. The threaded end of the hollow shaft also is 
formed with three symmetrical scallops 37 (one shown) 



to expose a cutting edge 38 at the leading edge of the 
external thread 33 , which cutting edge forms female 
bone threads . 

Detritus created by tapping instrument 30 is 
deposited through the scallops 37 into a reservoir 
provided by a central recess 39 in the pilot rod 34, 
The end 35 of the pilot rod which extends from the 
recess 3 9 into the bore has external threads which, 
when the threaded pilot rod 34 is turned, carry 
detritus upwardly to be deposited through the scallops 
into the reservoir. 

Upon rotating the hollow shaft 31 to form 
female bone tlxreads in the bore, the surgeon can feel 
increased back pressure when the reservoir becomes 
full and should grasp the knurled cap 35A to remove 
and clean out the pilot rod. If the gummy nature of 
the detritus were to prevent the pilot rod from being 
easily pulled out of the hollow shaft, the knurled cap 
35A could be removed to permit the hollow shaft 31 to 
be unscrewed from the threaded bore, leaving the pilot 
rod in place. The pilot rod then serves as a guide if 
the bore has not yet been completely tapped and it is 
necessary to reinsert the hollow shaft to compete the 
tapping . 

The wrench 40 of Fig. 4 has a cylindrical 
shaft 41 with a T-handle 42 at one end and an 
octagonal protuberance 44 at the other end. The 
corners of the protuberance 44 fit into recesses in 
the fusion cage to permit the fusion cage to be 
rotated by rotating the wrench. A spring-loaded ball 
46 frictionally holds the p. jtuberance in place when 
it is inserted into the fusion cage. 



Fig. 5 shows a third male-thread fusion cage 
50 that has formed from a solid steel cylinder by- 
drilling an axial bore 51 and then broaching out a 
pair of cylindrical channels 52 that extend to a 
diameter only a little smaller than the external 
surface of said cylinder. A V- thread 53 has then been 
machined in that external surface, thus creating 
perforations 54 in the valley between adjacent turns 
of the thread, each perforation extending completely 
across one of the channels 52. Each end of each land 
between the channels has been machined to have a 
recess 56 to enable an end cap 57 to fit flush with 
the end of the fusion cage. At each recess 56, each 
land has been formed with a small bore 58 into which 
one of a pair of projections 59 from the end cap 57 
fits snugly to hold the end cap in place. 

In Fig. 6, a pilot drill 60 has a T-handle 62 
at one end of a shaft 63 and at the other end a collar 
64 holding a bit 66. A set screw 68 in the collar 
permits the protruding length of the bit to be 
adjusted, and the larger diameter of the collar acts 
as a stop. Typically, the bit 66 extends 25 mm beyond 
the collar 64. 

In Fig. 7, a pilot rod 70 has a cylindrical 
shaft 71, at one end of which is a cylindrical boss 72 
that is 30 mm in length and slidably fits into a bore 
formed by the pilot drill 110 of Fig. 11. The boss 72 
has two scribe marks 73 that indicate the depth in cm 
of the bore. At its other end, the shaft 71 is formed 
with a flat 75 that has scribe marks 76 marked to 
indicate 0, 1, 2 and 3 cm for purposes explained 
below. 
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Shown in Fig. 8 is a hollow lamina drill 80 
which has a cutting edge 82 and a central bore 83 that 
slidably fits over the shaft 71 of the pilot rod 70. 
An anodized aluminum handle 84 permits a surgeon to 
5 drive the lamina drill by hand. 

Shown in Fig. 9 is a C-retractor 90 which has 
a cylindrical sleeve 91 that is formed with an opening 
92 across about one-fourth of its circumference over 
its full length. Extending from one end of the sleeve 

10 opposite to said opening 92 is a malleable handle 93 

by which the cylindrical sleeve 91 can be fitted 
through the arcuate laminotomy (formed by the lamina 
drill 80) down to the vertebrae 94 and 95. At the 
other end of the sleeve 91 are four spikes 96 in two 

15 pairs, one pair on either side of a line that is 180* 

from the center of said opening 92. When the sleeve 
of the C-retractor 90 is concentric with a pilot bore 
that has been drilled laterally into the disc 97 
between the two vertebrae 94 and 95 , one pair of the 

20 spikes can be set into the dorsal surfaces of each 

vertebra after careful orientation to be concentric 
with the pilot rod 70 while it is seated in the pilot 
bore. As also shown in Fig. 9, one purpose of the 
sleeve 91 of the C-retractor 90 is to keep tools from 

25 contacting the dura 98 and the spinal nerve 99. 

Shown in Fig. 10 is a hollow vertebral drill 
100 , the shaft 101 of which is formed with a central 
bore (not shown) that slidably fits over the shaft 71 
of the pilot rod 70 while the C-retractor 90 is in 

30 place. At one end of the hollow drill are scalloped 

cutting edges 105, and at the other is a hard rubber 
handle 103 that permits a surgeon to drive the 



vertebral drill by hand. Scribe marks 107 indicate 0, 
1, 2 and 3 cm. The 0 mark is at the top of the 
cylindrical sleeve 91 of the C-retractor when the 
vertebral drill is first put into place, and it and 
the other marks sequentially disappear behind the 
cylindrical sleeve as the vertebral drilling 
progresses. At the same time the scribe marks 76 on 
the flat 75 of the shaft 71 of the pilot rod 70, 
appear behind the handle 103 of the vertebral drill. 
While the surgeon watches the disappearance of the 
scribe marks 107 on the vertebral drill, a surgical 
assistant holds the pilot rod at the proper attitude 
and monitors 4he progress of the drilling by watching 
the appearance of the scribe marks 76 on the pilot 
rod. The greater inside diameter of the C-retractor 
90 compared to that of the scalloped cutting edges 105 
affords to the surgeon the opportunity to make slight 
lateral corrections as the drilling progresses. 

Shown in Fig. 11 is a second tapping 
instrument 110, the tap 112 of which slidably fits 
into the cylindrical sleeve 91 of the C-retractor 90. 
At the other end of its shaft 113 is a T-handle 114 by 
which a surgeon drives the tap until it reaches the 
depth of the bore. 

Implanting the Fugipn Csge Qf Fig. 1 
In order to implant the fusion cage 10 
between adjacent vertebrae, soft, collagenous disc 
material is first removed from the intervertebral 
space. A small window is created in the overlying 
laminas of each side, namely standard laminotomies . 
The neural tissues , dural sac and nerves, are 



retracted medially. The intervertebral space is 
cleaned of disc material in a standard surgical 
fashion. If the disc space has narrowed as a result 
of degeneration, a scissors- jack type vertebral 
spreader or a hydraulically inflated bladder is 
inserted on one (the first) side inside the disc space 
and opened until the space approximates the normal. 
This may be confirmed by a lateral x-ray. The height 
of the disc space is measured on the x-ray so that the 
proper sizes of drills, tap, and fusion cage may be 
chosen. 

The opposite (second) side of the same disc 
space is then addressed. The nerve tissues on the 
first side are relaxed and then retracted medialward 
on the second side. A pilot drill (e.g., 5 mm or 8 mm 
diameter depending upon discal space height) cuts a 
small channel in the face of each of the vertebrae, 
penetrating the interdiscal space to a depth of about 
2 5 mm (the normal disc space is about 30 mm deep and 
50 mm wide). A drill stop may be applied to the drill 
to prevent overboring the hole. A solid rod pilot is 
then inserted into the pilot hole and a pilot cutter 
(7 mm or 10 mm) is passed over it and brought downward 
to enlarge the pilot channels to slidably receive the 
pilot rod 35 of the tapping instrument 30 of Pig. 3. 
The cutting thread 33 (12 mm or 16 mm major diameter) 
cuts female bone threads through the opposing 
vertebral end plates and into both cancellous regions 
that will invite the ingrowth of new bone. 

A V-thread fusion cage of the invention with 
one end cap in place, is snapped onto the wrench 40 of 
Fig. 4 by which it is screwed by hand into the 
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threaded intradiscal bore to its full depth. After 
removing the wrench, the cage is packed with bone 
chips or other bone-inducing substance , and the second 
end cap is applied to hold the bone chips securely in 
5 place. 

After removing the vertebral spreader, the 
dura and nerves on the second side are relaxed and 
attention is once again directed to the first side 
which is drilled and tapped to receive a second fusion 

10 cage by the same procedure. 

Over a period of several weeks , the bone from 
the vertebral bodies will grow through the 
perforations in the fusion cages and unite with the 
bone-inducing substance inside them, creating a solid 

15 fusion. 

It is believed that the novel fusion cages 
will primarily be implanted by a posterior approach to 
the spine, although an anterior approach may be 
utilized, especially when applied to the vertical 
20 spine. 

Example i 

The fusion cage of Fig. 1 has been machined 
from a cylinder of surgically implantable stainless 

25 steel to have the following dimensions: 

diameter of starting cylinder 16 mm 

length of cylinder 25 mm 

diameter of each small hole 11 3 mm 

diameter of circle on which 

30 holes 11 are centered 11.5 mm 

diameter of central hole 11 mm 

pitch of V- thread 12 2.5 mm/turn 
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angle at crown of thread 12 
fillet radius in valley of 

thread 12 
axial width of perforation 13 
5 circumferential breadth of 

perfs. 13 
when projected onto interior 

of a cylinder, % of area 

perf oratec 

10 E^mple 2 

The fusion cage of Pig.l 1 has been machined 
from a stainLess-steel cylinder to have the same 
dimensions as that of Example 1 except that the 
diameter of the circle on which holes 11 were centered 

15 was increased to 12 mm. This results in 70% 

perforation in each of the areas of the top and bottom 
quadrants . 

To test the compressive strength, a pine 
block was drilled to the outside diameter of the 

20 thread of the fusion cage, and a 1/4-inch section was 

cut away to leave two pieces, between which the fusion 
cage was placed with its perforations facing two 
pieces. A force of 808 pounds was applied before the 
fusion cage began to deform into an oval shape, thus 

25 indicating that it has much more than adequate 

compressive strength to withstand any forces to which 
it might be put when implanted between a person's 
vertebrae . 
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Example 3 

A fusion cage, identical to that of Example 2 
except that the cage was made from titanium, was 
tested in the same way for compressive strength. It 
5 resisted 850 pounds before beginning to deform. 

ftyr glcal Exp erience 
The fusion cage of Example 2 has been 
surgically implanted in pairs between adjacent 

10 vertebrae of each of three persons. In each case 

after placement of the first cage, there was an 
impressive, instant stabilization of the previously 
unstable vertebral segment. Upon threading the second 
cage into its tapped hole, the segment became 

15 completely immobile. 

Each of those three patients was able to 
tolerate sitting without low back pain by the second 
or third post-surgical day. This unexpectedly early 
comfort expressed by each of these three patients 

20 signified good, immediate stability to the previously 

painfully unstable spinal segment. 

The first patient, on a routine visit at two 
months postoperative, had an almost full range of 
painless motion (bending, twisting) of the lumbar 

25 spine. The second patient, at 18 days postoperative, 

made an unscheduled visit to ask permission to go 
biking and reported a greater than 90% relief of all 
back and leg pains. The third patient showed 
approximately 1/3 range of normal painless motion of 

30 the lumbar spine on the sixth postoperative day. 
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What is claimed is: 

1. Surgical method of fusing adjacent bony 
structures, said method comprising the steps of: 
5 (a) forming between said bony structures a 

lateral bore with a female thread that penetrates into 
their cancellous regions, 

(b) forming a hollow cylindrical fusion cage 
to have an external, substantially continuous helical 

10 thread that is perforated in the valley between 

adjacent turns and can mate with said female thread , 

(c) screwing the cage into said threaded 
bore , and _ 

(d) packing the cage with bone-inducing 
15 substance. 



2. Method as defined in claim 1 wherein 
said threaded bore extends into the disc space between 
adjacent vertebrae , and prior to step (a) is the added 
20 step of spreading said vertebrae apart. 



3. Method as defined in claim 2 wherein a 
second threaded bore is formed to extend into the 
opposite side of said disc space and parallel to said 
25 threaded bore, and steps (b) , (c) and (d) are repeated 

to implant an identical fusion cage in said second 
threaded bore. 



30 



4. Method as defined in claim 1 wherein 
said female thread is formed in step (a) by hand 
tapping . 
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5. Method for surgically preparing two 
adjacent bony structures for implanting a hollow 
cylindrical fusion cage that has an external, 
substantially continuous helical thread and is 
perforated in the valley between adjacent turns of the 
thread, said method comprising the steps of: 

(a) drilling a pilot hole laterally between 
said bony structures, 

(b) inserting a pilot rod into the pilot 



10 hold, 
rod, 



(c) fitting a hollow drill over the pilot 



(d) —with the hollow drill, enlarging said 
pilot hole to form a bore that penetrates into the 

15 cortical bone of each of said bony structures, and 

(e) tapping a female thread into the wall of 
said bore, the crown of which penetrates into the 
cancellous portion of each of said bony structures, 
which female thread can mate with the helical thread 

20 of the fusion cage. 

6. Method as defined in claim 5 wherein- 
said bore extends laterally into the disc space 
between adjacent vertebrae. 

25 7. Method as defined in claim 6 wherein 

steps (a) through (e) are repeated to form a second 
threaded bore parallel to the first, one on each side 
of the disc space. 
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8. Method as defined in claim 7 wherein 
each said female thread is formed in step (e) by hand 
tapping. 

5 9 . Method as defined in claim 5 and further 

comprising subsequent to step (e) the steps of: 

(f) screwing the fusion cage into said 
threaded bore, and 

(g) then filling the cage with bone-inducing 
10 substance. 

10. Method as defined n claim 9 wherein the 
bone-inducing substance is cancellous bone chips. 

15 11. Method for surgically preparing two 

adjacent vertebrae for implanting a hollow cylindrical 
fusion cage that has an external, substantially 
continuous helical thread and is perforated in the 
valley between adjacent turns of the thread , said 

20 method comprising the steps of: 

(a) cutting away ligaments to expose the 

site, 

(b) spreading the vertebrae apart, 

(c) nibbling away as much of the lamina as 
25 is necessary to access the site, 

(d) drilling a pilot hole laterally between 
said vertebrae, each of sufficiently small diameter to 
be self-seeking of the center of the disc space, 

(e) inserting a pilot rod into the pilot 

30 hole, 
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(f ) sliding over the pilot rod a hollow 
lamina drill to cut the spinous process and to score 
the lamina, 

(g) drilling to remove the lamina within the 

5 score, 

(h) fitting into the resulting arcuate 
opening in the lamina a C-retractor which has a split 
cylindrical sleeve of the same diameter as the lamina 
drill and a handle extending from one end toward the 

10 upper end of the spine, 

(i) reinserting the pilot rod to reset on 
the bottom of the pilot hole, 

(j) -.sliding a hollow vertebral drill over 
the pilot rod and inside the sleeve of the C- 
15 retractor. 

(k) forming with the hollow drill a bore 
that penetrates into the cortical bone of each of said 
vertebrae, 

(1) removing the hollow drill, the pilot 
20 rod, and the cut bone, and 

(m) using the C-retractor as a guide, 
tapping a female thread, the crown of which extends 
into the cancellous bone of each of the vertebrae. 

25 12. Method as defined in claim 11 and 

comprising the added step of maneuvering aside the 
dura and nerve with .said split cylindrical sleeve of 
the C-retractor. 



13. Method as defined in claim 12 wherein 
the C-retractor is formed with spikes extending 
axially from one end of said cylindrical sleeve, said 
method comprising the added step of forcing at least 
one of said spikes into each of said adjacent 
vertebrae to anchor the C-retractor. 

14. A tapping instrument for forming a 
female thread in a bore into bone, said tapping 
instrument comprising: 

a hollow cylindrical shaft having a handle at 
one end and an external thread which is formed at the 
other end with at least one scallop that exposes a 
cutting edge at the leading edge of the external 
thread so that a female thread is formed in said bore 
upon rotation of the hollow shaft, 

a pilot rod that slidably fits into said 
bore, projects beyond said other end of the hollow 
shaft , and is formed with a central recess that 
communicates with said scallop and provides a 
reservoir for detritus removed by said cutting edge, 
thus permitting the detritus to be carried away by 
removing the pilot rod from the hollow shaft. 

15. A tapping instrument as defined in claim 
14 and symmetrically formed with three scallops and 
cutting edges . 
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16. A tapping instrument as defined in claim 
14 wherein said one end of the pilot rod has external 
threads which, when the threaded pilot rod is turned, 
carry detritus to be deposited through the scallops 

5 into the reservoir. 

17. A C-retractor comprising a cylindrical 
sleeve that is split to form an opening across a small 
fraction of its circumference over its full length, a 

10 malleable handle extending from one end of the sleeve 

opposite to said opening, and spikes protruding 
axially from the other end of the sleeve. 

18. A C-retractor as defined in claim 17 and 
15 having four of said spikes in two pairs with one pair 

on either side of a line that is 180 # from the center 
of said opening. 
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2. f"| As only some of the required additional search fees were timely paid by the applicant, this international search report covers only 

those claims of the international application for which fees were paid, specifically claims: 

3. ["1 No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to 

the invention first mentioned in the claims; it is covered by claim numbers: 



4~n As all searchable claims could be searched without effort justifying an additional fee, the International Searching Authority did not 
invite payment of any additional fee. 



Remark on Protest 
n The additional search tees were accompanied by applicant's protest. 
[71 No protest accompanied the payment of additional search fees. 
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